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f ) PREFACE 


The  present  report  is  the  final  one  on  this  project.  It  comprises  the 

material  in  the  following  technical  reports,  which  material  has  been  corrected 

where  needed,  expanded,  brought  up  to  date,  and  put  together  so  that  all  of  the 

studies  on  a given  point  are  a unit.  A review  of  the  literature  has  been  added. 

Summary  Technical  Report,  #1,  January  - December,  1948 
" " B , #2,  January  - December,  1949 

Soni-annual  Progress  Report,  #3,  January  - June,  1950 
" " n ",  #4»  July  - December,  1950 

* " " ",  #5,  January  - June,  1951 

" " " ",  #6,  Juno  - December,  1951 

" " " ",  #7,  January  - June,  1952 
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Some  2000  spooies  of  so-called  "wood  rots"  are  known,  of  whloh  perhaps  200 
to  300  ore.  commonly  Involved  in  wood  deterioration  on  a practical  scale.  They 
typically  attack  woody  materials— either  as  living  or  dead  trees,  structural  timbers 
or  woody  detritus  in  nature.  The  wood  rota  are  the  chief  fungi,  if  not  the  only 
ones,  that  can  attack  the  cellulose-lignin  complex  which  constitutes  wood.  In  na- 
ture, the  useful  activities  of  those  organisms  are  primarily  thoso  of  getting  rid 
of  dead  organic  matter.  The  undesirable  activitos  of  the  organisms  are,  of  course, 
their  effects  on  structural  timbers,  The  very  fact  that  in  the  degradation  of 
celluloaic  matoriols  they  produce  othor  chemical  compounds,  suggests  that  the  activi- 
ties of  tho  wood  rots  can  perhaps  be  turned  into  economically  useful  channels. 

Before  intelligent  control  can  be  attained  of  cither  type  of  activity  of  the 
wood  rots—  prevention  of  wood  decay,  or  utilization  of  was to  collulosic  matoriols 
by  fermentation — it  is  nccossory  to  know  moro  about  the  physiology  of  tho  organisms. 
Very  little  work  has  boon  done  on  any  aspoct  of  the  fundamental  biology  and  chemis- 
try cf  ovon  a few  of  thoso  fungi.  Much  less  has  an  ottonpt  been  made  to  investigate 
thoroughly  and  systematically  tho  basic  functioning  of  the  organisms.  Tho  presont 
investigations  are  a start  towards  this  objective, 

#699 


REVIE*  OP  LITERATURE 
(See  Bibliography  A) 


2 


A.  GROWTH.  NUTRITION.  METABOLIC  PRODUCTS  OF  WOOD  ROTS, 

The  first  Intensive  study  of  tho  fungi  causing  wood  decay  was  under- 
taken in  1930  by  Falck  (23).  More  recent  reviews  of  the  destruction  of 
cellulose  and  cellulosic  materials  by  microorganisms  include  those  by 
Boswell  (9),  Burkholder  and  Siu  (14),  Cartwright  and  Findlay  (18), 

Hartley  (33),  and  Row  (75).  Harris  and  Johnson  (32)  discussed  the 
microbiological  utilisation  and  disposal  of  wood-processing  wastes. 

Natural  decomposition  of  wood  is  the  result  of  successive  attack  by 
different-  types  of  organisms.  The  initial  breakdown  is  caused  by  the 
Phycomyces.  which  utilize  the  water-soluble  material,  foil  cm  od  by  bacteria 
and  fungi  which  attack  starch,  cellulose,  and  hemicelluloses.  The  most 
resistant  portions,  namely,  the  lignified  tissues,  are  broken  down  by 
bacteria  and  "highor"  fungi  (97).  The  fungi  causing  wood  decay  are  mainly 
Basidiomycotosand  belong  to  the  families  Tholeophoraceae,  Hydnaceae, 
Polyporaceao,  and  Agaricaceao  (18).  The  type  of  fungal  decay  depends  not 
only  upon  the  species  of  fungus,  but  also  upon  the  kind  of  wood  and  the 
particular  portion  of  the  wood  being  attacked. 

The  sequence  of  specios  in  decay  of  conifers  under  natural  and 
controlled  conditions  has  been  studied  by  Findlay  (25)  and  Cartwright  and 
Findlay  (18).  The  sapwood  is  first  attacked  by  sap-stain  fungi,  then  by 
sap-rotting  fungi.  The  white-rotting  species  of  Polype rus  are  responsible 
for  deoay  of  th«i  heartwood.  Using  the  block  culture  method,  Polyporua 
vaillantll  decayod  55  per  cent  (by  weight)  of  the  block,  Polyporus 
versicolor  completely  destroyed  it,  and  Conlophora  cerebella.  Merulius 
lacrymans.  and  Lenzltea  trabea  degraded  up  to  70  per  cent  of  the  block. 


The  brown-rots  were  found  to  preferentially  attack  conifers,  while  the 


white-rots  generally  attaoked  only  the  hard  woods.  Two  speoies  were  rarely 
isolated  from  the  same  region  of  the  wood,  presumably  because  of  the  differ- 
ent nutritional  end  pH  requirements.  Experimentally,  greater  decomposition 
of  wood  resulted  from  attack  by  mixed  cultures  of  fungi  (78),  or  by  the 
presence  of  saprophytic  bacteria  (78,  94).  The  rate  of  natural  decay  then, 
would  seem  to  be  dependent  upon  the  availability  and  concentration  of 
food,  the  prosonoe  of  various  inhibitory  substances,  pH,  and  other  growth 
conditions. 

Conditions  for  growth  of  wood-rotting  fungi 

The  wood-destroying  fungi  are,  in  general,  aeaophilic  and  may  be 
separated  into  three  groups  according  to  their  temperature  requirements. 

The  majority  grow  optimally  within  the  range  of  24-30°C,  while  others 
prefer  a higher  temperature  (30-34°C),  and  a few  require  a lower  tempera- 
ture (20-24°C).  Several  investigators  have  studied  the  optimum  tempera- 
tures for  growth  on  either  agar  (18,86)  or  wood  blocks  (16),  and  also  the 
temperatures  lethal  to  the  organisms  (16,  61).  Humphrey  and  Siggers  (37) 
surveyed  tho  temperatures  for  optimal  growth  of  64  species  of  wood-rots 
grown  on  two  different  media.  The  optimum  temperature  was  determined  by 
measuring  the  growth  increment  on  Petri  dish  cultures  after  one  or  two 
weeks  incubation.  The  optimum  temperatures,  temperature  range,  and  maxi- 
mum Inhibitory  temperatures  were  tabulated. 

Tho  wood-rots,  in  general,  prefor  on  acid  medium  for  growth.  The 
optimum  for  some  species  may  range  as  low  as  pH  3.  During  growth  tho  pH 
of  the  culture  fluid  or  substrate  usually  becomes  lower  due  to  the  produc- 
tion of  organic  acid s (85,94,98,102,103).  Tho  brown-rots  produce  more 
acid  than  the  white-rotting  specios  (3).  Thaysen  and  Bunker  (94)  found 
that  although  many  fungi  prefer  an  initial  acid  reaction,  the  presence 


4 


o 


of  alkaline  salts,  for  example,  sodium  carbonate,  stimulates  the  rate 
of  decay  of  wood,  presumably  by  neutralizing  tho  organic  acids  produo* 
ed  by  the  fungi  during  growth.  The  increased  decomposition  of  wood  in 
the  presence  of  saprophytic  bacteria  has  been  postulated  to  be  due  to 
a similar  neutralization  of  toxic  metabolic  products.  The  moisture 
requirements  of  the  wood-rotting  fungi  are  variablo,  Most  of  the 
studies  relate  moisture  requirements  to  the  rate  of  decomposition  of 
wood  (80,98), 

The  wood-rots  hare  been  successfully  grown  using  the  surface  culture 
technique  on  both  solid  and  liquid  substrates.  Recently,  however,  the 
shake  culture  method,  originally  introduced  by  Kluyver  and  Berquln  (50), 
has  replaced  other  methods,  especially  in  physiological  studies  of  fungi 
in  general  (42,43,44*45,46, 60),  Foster  (26)  gives  a comparative  physiology 
of  surface  vs.  submerged  growth.  He  states  that  surface  culture  is  entirely 
inadequate  bocause  it  represents  only  the  over-all  result  of  the  metabolic 
processes  of  an  heterogeneous  mixture  of  physiological  systems.  Submerged 
culture,  however,  provides  physiologically  homogeneous  fungal  material 
since  all  cells  are  uniformly  exposed  to  the  environmental  factors,  both 
physical  and  chemical,  during  tho  growth  period.  Certain  chemical  changes 
in  suboorgod  fermentations  were  reviewed  by  Koffler  et  al  (51),  and  the 
effeot  of  shaking  on  oxygen  diffusion  was  studied  by  Starks  and  Kofflor  (88). 
Burkholder  and  Sinnott  (13)  investigated  the  morphology  of  150  spooios  of 
fungi,  including  some  Basidiomyoetes,  in  liquid  shake  culture.  The 
mycelial  masses  were  oharacterizod  as  being  either  globous  or  irregular, 
hirsute  or  smooth,  and  eithor  hollow  or  solid  in  texture.  The  type  of 
interrayceliul  fluid  was  also  studied.  They  also  discussed  the  effects  of 
environmental  conditions  on  these  characteristics. 
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In  order  to  use  the  submerged  culture  technique  for  quantitative 
measurements  of  growth*  conditions  necessarily  oust  be  constant.  The 
rate  and  total  amount  of  growth  depend  upon  the  sise  and  type  of  inooulum 
(28),  It  has  been  found  that  a closer  check  of  replicate  cultures  and  a 
shorter  lag  period  in  initiation  of  growth  are  attained  if  fungal  mycelium 
is  fragmented  (a  War in 2 blendor  is  usually  used)  (21*  77).  Time  of  blend- 
ing* washing  and  suspending  of  fragments*  and  amount  of  suspension  used 
for  the  inoculum  are  important  factors.  The  effect  of  sizo  of  Inoculum 
was  investigated  by  Kitay  and  Snell  (47).  The  organisms  may  store  (sons 
may  adsorb)  several  times  their  requirements  of  vitamins  when  grown  on  a 
vitamin-rich  medium.  The  amount  of  inoculum  transferred  to  a vitamin- 
deficient  medium*  therefore,  is  critical,  and  repeated  transfer  is  nocoasary 
to  eliminato  carry-over  of  vitamins. 

Nutrition  of  the  wood-rotting  fungi. 

The  nutritional  aspects  of  the  wood-destroying  fungi  havo  not  been 
studied  extensively*  and  until  recently  a c ho mic ally-defined  medium  for 
growth  had  not  boon  developed.  Excellent  growth  has  been  obtained  in  a 
variety  cf  non-synthetic  liquid  media  such  as  bran  or  malt  extract  with 
supplements  of  yeast*  nitrogen  compounds,  etc.  (104).  Various  synthetic 
or  semi-synthetic  media  have  been  developed  for  growing  baaidiomycetoua 
fungi  (1,36,39,55,62,69,89,93)  and  related  organisms  (10,30,83,87).  Host 
of  the  media,  howevor,  contained  certain  organic  supplements  the  exact 
nature  of  which  is  unknown.  Studios  to  determine  nutritional  requirements, 
especially  vitamins,  would  havo  little  significance  if  such  media  were 
employed.  Perlman  (70)  has  developed  a completely  synthetic  medium  for 
culturing  Polyporus  ancepj.  which  contains  glucose,  inorganic  nitrogen,  in- 
organic salts,  trace  elements,  and  thiamine. 

Nitrogen  utilization  was  studied  by  La  Puzo  (55)  who  found  that  growth 
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dooreaaod  as  the  nitrogen  constituent  became  simpler}  that  lst  proteins, 
casein,  glia din,  gelatine,  peptone,  amino  acids,  and  inorganic  nitrogen 
sources,  respectively,  resulted  in  decreasing  amounts  of  growth.  According 
to  his  studies,  sodium  nitrate  and  urea  were  non-nutritive,  while  proteins 
high  in  tryptophane,  ammonia,  or  glutamic  aoid  favored  growth.  Washburn 
and  Niven  (99)  suggested  that  several  interrelationships  existed  in  amino 
aoid  assimilation.  Tiny  found  that  several  amino  acids  were  deamlnated  and 
then  the  carbon  chains  were  aminated  to  form  glutamine  units.  Knight  (54) 
found  that  certain  test  f-irri  contained  L-omlno  aoid  oacidaae  and  probably 
only  tho  L-form  could  bo  metabolised. 

Tolly  and  Blank  (93)  studied  certain  factors  influencing  utilisation 
of  inorganic  nitrogen.  TV  7 included  the  source  of  carbon,  the  presence 
of  heavy  metals,  and  moat  particularly  the  vitamins  added.  The  latter  were 
introduced  in  tho  form  of  yeast  supplements  so  that  error  due  to  the  intro- 
duction of  contaminating  substances  was  not  eliminated.  Bricks  on  et  al  (12) 
demonstrated  antagonistic  offsets  upon  growth  by  an  improper  balance  of  the 
concentrations  of  amino  acids  and  proposed  that  innibition  of  growth  by  a 
particular  amine  aoid  ve.s  prcbf.bly  due  to  prevention  of  amidation  of  the 
glutamic  aoid.  In  a raoenx  study,  Stephens  and  Hinnholwood  (91)  found 
that  optimum  rate  of  growth  was  not  dependent  upon  trace  elements,  but  on 
the  addition  of  a full  complement  of  amino  acids.  Theoretical  kinetio 
relationships  were  given  as  supporting  evidenoe.  Care  must  be  taken  in 
evaluating  these  experiments  sinoe  it  was  found  that  autoolaving  amino 
aoids,  particularly  in  the  presence  of  sugar,  caused  partial  or  complete 
inaotivation  of  several  amino  aoids  (22), 

Various  nutritional  factors  have  an  effect  upon  the  rate  of  deoay  of 
wood,  Tho  presence  of  baoteria  increases  tho  rate  of  decomposition  of 
complex  plant  materials  (97)  and  wood  (78,94).  Findlay  (24)  found  the 
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effect  of  nitrogen  content  to  be  variable.  Sohults  and  Kaufort  (80)  found 
that  asparagine  increased  the  rate  of  decay  of  pine  by  Poivporus  v ere i col or 
and  Localise  trabea.  while  ammonium  nitrate  had  no  effeot.  In  another 
study,  Kaufort  and  Behr  (47),  using  wood  blocks,  found  that  the  rate  of 
deoay  of  several  woods  was  not  affooted  by  uroa,  ammonium  sulfate,  or 
ammonium  phosphate  in  snail  quantities,  but  large  quantities  decreased 
the  rate,  isparagine  and  peptone,  in  email  quantities,  increased  deoay  of 
Southern  pine  and  red  oak  but  had  no  effeot  upon  other  woods.  Bungate  (38) 
determined  the  nitrogen  content  of  various  woods  before  and  after  attack 
by  fungi  and  found  that  the  rate  of  deoay  was  proportional  to  the  initial 
nitrogen  content  of  the  wood.  So halts  and  Kaufert  (81),  and  Findlay  (26), 
found  that  addition  of  dextrose  or  dextroee  plus  asparagine  increased  the 
rate  of  deoay  of  Norway  pino  by  Lonsltos  trabea.  but  decreased  the  rate  of 
breakdown  by  Lontinus  lenldeus.  Utillsable  carbon  sources  included  starch, 
\ maltoso,  dextrine,  and  glucose  (55). 

Several  investigators  have  shown  that  added  nutrilito*  (especially 
thiamine ) augment  the  growth  of  the  wood-rotting  fungi.  Very  little  work 
has  boon  dono  to  relate  vitamin  nutrition  and  the  rate  of  decay  of  wood. 

In  this  connection,  Burkholder  and  Snow  (15)  determined,  by  fungus  assay, 
that  thiamine  was  present  in  wood,  especially  in  leaves  and  bark.  Noeoker 
(62)  found  that  thiamine  was  on  absolute  requirement  for  growth  of  four 
speoies  of  wood-rots  and  that  biotin,  in  some  cases,  stimulated  growth. 
Perlman  (70),  using  a synthetic  medium,  found  that  utilization  of  glucoso 
by  Polyporus  onceps  depended  upon  the  concentration  of  thiamine;  that  is, 
inoreaaed  amounts  of  thinmlno  resulted  in  increased  utilization  of  gluoose, 
which  in  turn  produced  a large  quantity  of  mycelium  por  unit  volumo  of 
medium.  Other  growth  factors,  in  addition  to  thiamine,  had  no  effoot  upon 
growth.  The  whole  thiamine  molecule  was  required  for  the  growth  of  this 
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organism.  It  has  boon  found  that  the  activity  of  constituent  parts  of 
thiamine,  namely,  thiasole  and  pyrimidine,  varied  not  only  with  the  species 
of  fungus,  but  also  with  the  different  strains  (11,82).  Leonian  and  Lilly 
(57,58)  found  that  the  requirements  for  the  thiamine  molecule  or  its 
conponent 3 varied  with  the  source  of  nitrogen.  The  importance  of  other 
nutrilites  in  culturing  various  fungi  has  been  reviewed  by  several  workers 
(29,52,53,59,95).  Kfcgl  (52)  found  that  biotin,  thiamine,  and  1-inoeitol 
increased  the  growth  of  several  speoies  of  mushrooms,  idenine,  guanine, 
and/or  uracil,  although  not  essential,  stimulated  growth. 

Several  interesting  relationships  between  nutrilites  and  other  metabo- 
lites have  been  reported.  It  was  found  by  Carlson  et  al  (17)  that  biotin 
was  essential  for  monosaocharide  utilisation  but  was  not  required  when 
disaccharides  were  the  carbon  source.  Knight  (53)  found  that  thiamine  re- 
quirement was  altered  by  the  presence  of  either  niacin  or  biotin.  The 
latter  has  been  implicated  in  bicarbonate  utilisation  (56)  and  the  synthesis 
of  aspartic  acid  (92)  by  fungi. 

Robbins  and  Kavanagh  (73)  obtained  luxuriant  growth  of  several  thiamine- 
requiring  fungi  on  a synthetic  agar  medium.  Further  investigation  showed 
that  agar  contained  a higher  concentration  of  thiamine  than  that  required 
for  growth  of  the  organisms.  Ryan,  Beadle,  and  Tatum  (76),  in  conneotion 
with  the  development  of  the  tube  method  of  measuring  growth  rate  of  the 
organism  Neurosnora.  found  that  biotin  was  adsorbed  onto  the  glass  in  relative- 
ly high  concentrations.  Since  the  amounts  of  nutrilites  required  by  micro- 
organisms is  oxtremely  small,  care  must  be  taken  to  eliminate  all  soureos 
of  contamination  before  absolute  requirements  are  established. 

Study  of  the  heavy-metal  nutrition  of  fungi  was  aooolerated  when  the 
importance  of  trace  elements  in  commercial  fermentations  was  roalised  (27, 
28,69,70,90).  Jarvis  and  Johnson  (41),  and  Shu  and  Johnson  (84),  respective- 
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ly,  studied  the  effect  of  heavy  metals  oo  penicillin  produotion  and  on 
oitrio  acid  production.  Theae  investigations  suggest  a good  approach  to 
similar  studies  with  other  fungi.  Schmitt  (79)  found  that  the  rato  of 
decay  of  Douglas  fir  sawdust  by  Lensites  aaeplaria  was  increased  by  sodium 
carbonate,  bicarbonate,  sulfate,  and  chloride  and  related  this  to  the  effect 
of  alkaline  soils  on  tho  rate  of  deoay  of  wood  in  contaot  with  them. 

Kaufert  and  Sebmits  (48)  studied  the  effect  of  arsenic,  zinc,  and  oopper  on 
the  rat 9 of  decomposition  of  various  woods  by  fungi.  Slnden  ot  al  (85)  relat- 
ed tho  mineral  nutrition  of  certain  wood«*rotting  fungi  to  their  oollulolytio 
activity. 


The  major  products  of  aerobic  decomposition  of  carbohydrate  by  fungi 
are  carbon  dioxide  and  cell  substance.  Various  intermediates  end  end  prod- 
ucts have  been  isolated  and  Identified  from  the  metabolic  fluid  and/or  the 
mycelium  of  the  wood-rotting  fungi.  They  include  several  organic  aoid*, 
aldehydes,  aromatic  substances,  products  resulting  in  coloration  of  the 
substrates,  etc.  Curtin  (19)  proposed  the  hypothesis  that  wood  degradation 
was  duo  in  port  to  tho  acids  producod  by  fungi.  Experimentally,  he  showed 
aoid  production  in  molt  agar  and  in  wood  sticks.  Birkinshaw  et  al  (3) 
isolated  formlo,  aoetio,  oxalic,  and  oltric  acids  from  cultures  of  Coniopbora 
cerebella  on  Scots  pine.  411  ooids,  oxcept  the  latter,  were  isolated  from 
wood,  so  that  citric  acid  was  probably  the  only  true  metabolic  produot. 

Aootic  and  succinic  acids  have  also  boon  Isolated  as  two  products  in  the 
breakdown  of  glucose.  Perlman  (70)  found  that  glucose  dissimilation  by 
Polvporus  anceps  resulted  in  tho  production  of  ethanol  and  aoetio  and  oxalic 
adds.  More  mycelium  was  obtained  from  staroh  metabolism  than  from  tho 
utilization  of  on  equal  quantity  of  glucoso,  4 similar  study  was  carried 


out  by  Boswell  (8)  with  Merullus  lacrymans. 
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llethyl-p-aethaxyalaaaaats  was  identified  ns  a metabolic  product  of 
Lentlnua  lopideua  groan  on  eithor  glucoce  or  xylose,  Methyl  clnnamate  and 
an  oo tor  of  anisic  acid  were  products  of  this  organism  when  cultured  on 
Soots  pine  (2,66).  Bir kino haw  et  al  (4)  identified  D-threitol  (1-erytbritol) 
as  a product  of  Arm^^^a  nolle  a.  Those  products  are  responsible  for  the 
characteristic  odor  and/or  coloration  of  cultures  of  the  two  organisms. 
Bamoda  (31)  studied  the  secretory  reactions  of  9 strains  of  Irmlllarla 
aellea.  including  luminescence,  browning  of  aubstrato,  guttatlon  from  aerial 
mycelium,  color  of  fluid  of  guttatlon,  and  formation  of  calcium  oxalate 
crystals.  He  found  that  these  reactions  were  dependent  upon  the  nltrogon/ 
carbon  ratio  of  tho  medium,  except  the  browning  of  the  substrate,  which 
resulted  from  the  oxidation  of  peptone  and  so  varied  only  with  the  nitrogen 
concentration. 

Other  metabolic  products  of  tho  wood-rots  include  various  enmymes, 
antibiotic  substarces,  and  pigments.  Hard  et  al  (63,64,65,67)  have  exten- 
sively studied  tho  enmymes  involved  in  the  action  on  glucoee,  xylose, 
rafflnose  and  colluloao,  and  the  mechanism  of  wood  decay.  Vitucci  et  al 
(96)  studied  tho  dehydrogenases  of  several  spooies  of  Merullua  and  Homes 
arm  os us.  Boao  and  Sarkar  (7),  end  Bose  (5),  also  studied  the  cellulolytic 
enmymes  of  the  wood -rots.  Considerable  work  has  boon  done  on  tho  produc- 
tion of  antibiotics  by  wood-rots  (6,40,72,74,100,101).  Harvey  (34)  screen- 
ed 500  Basidiomycetes  for  their  antibacterial  aotivity.  The  percentage 
of  aotive  organisms  was  found  to  be  relatively  small.  Pigment  production 
by  a wood-rot,  Lcnmltes  trabea.  has  been  studied  (20). 


REVIEW  OF  LITERATURE 
(See  Bibliography  B) 
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NATURE  OF  CELLUL06IC  MATERIALS 


"Trug"  Celluio— 

Pure  cellulose  la  rarely  found  In  nature.  Rathar,  it  ooours  most 
frequently  in  intimate  association  with  other  matorials.  Since  these 
latter  substances  often  af feet  the  reactions  of  cellulose,  an  attompt 
will  first  bo  made  to  elucidate  the  nature  of  the  substrate  which  may 
be  attacked  by  collulolytio  and  associated  ensymes. 

The  seed  hairs  of  many  plants,  such  as  cotton,  are  composed  of  nearly 
100  per  cent  cellulose,  free  from  othor  substances,  and  aro  tho  purest 
form  in  which  it  occurs  in  nature.  The  empirical  formula  (C^%o°5^n 
indicates  tho  fundamental  structure  of  colluloso  to  bo  a hezoso  anhydride. 
Complete  hydrolysis  of  cellulose  produces  a nearly  quantitative  yield  of 
glucose;  the  qualitative  relationship  between  the  two  substances  has  been 
known  far  more  than  a century  and  a half.  Data  supporting  the  classical 
theory  of  cellulose  structure  are  exhaustively  discussed  olsewhero  (24,  27, 
44)  • Here  it  may  be  pointed  out  meroly  that  celluloao  is  made  up,  basic- 
ally, of  B-D-glucopyranoso  units  joined  by  1,  4-glycoaidic  bonds.  The 
cellulose  fiber  is  composed  of  chains  of  those  residues,  varying  from 
extremely  long  chains  containing  hundreds  of  glucopyronose  units,  down  to 
a few  callobioae  or  even  glucoso  units.  The  generally  assumed  hydrogen 
bonds  botvoen  parallel  chains  partially  account  for  the  lateral  union  of 
tho  chains.  Further,  the  primary  chain  moloculcs  are  joined  by  a linkage 
involving  their  terminal  open  chain  glucose  units  united  by  a cellobioae 
moloculo  (24)* 

X-ray  data  support  the  B-D-glucopyranose  structure  theory  and,  more- 
over, demonstrate  the  crystalline  nature  of  cellulose.  The  long-chain 
molecules  are  organized  into  parallel  bundles  by  the  previously 
pr~*'->ro4  igfni.nl  forces.  The  bundles  so  formed  assume  a 


crystalline  structure  called  a micelle.  Separating  the  erystallitos 
are  areas  which  do  net  shew  the  crystalline  pettern,  presumably  be- 
cause the  arrangement  of  the  molecules  is  less  parallel.  The  cellu- 
lose fiber  is,  then,  a Mphasie  system;  the  phase,  crystalline  or 
amorphous,  depends  upon  the  physical  organization  of  the  constituent 
chains.  It  is  thoughfthat  the  loss  organized  spaces  are  more  easily 
penetrated  than  the  micelles  and  that  those  reactions  involving  pene- 
tration of  the  cellulose  fiber  ore  accounted  for  by  this  structural 
difference  (24) . 

Wood  Cellulose  And  Other  Wood  Constituents 

The  cellulose  of  wood,  which  comprises  a large  portion  of  the 
woody  structure,  is  thought  to  be  identical  with  the  "truo"  cellulose 
previously  discussed.  Several  sets  of  data  support  this  contention. 

Wise  (43),  in  a discussion  of  the  work  of  Heuser  and  Boadekor,  as  well 

t 

as  that  of  several  other  authors,  presents  evidence  strongly  in  favor 
of  the  contention  that  wood  cellulose  is  identical  with  other  celluloses. 
More  recently,  in  their  review,  Nerd  and  Vitucci  (24)  have  concluded 
that  this  opinion  is  justified. 

The  natural  breakdown  of  wood  cellule "e,  however,  may  be  markedly 
influenced  by  other  wood  constituents.  For  example,  wood-rot  metabolism 
is  critically  affected  by  the  extractive  content  of  wood.  In  tho 
aggregate,  or  possibly  alono,  volatile  oils  and  acids,  tannins  and 
other  extraneous  substances  are  inhibitory  to  wood-decomposing  fungi 
(16,  34,  39).  Although  extractives  may  be  stimulatory  in  extreme  dilu- 
tion (39),  higher  concentrations  are  fungistatic,  more  is  lethal. 

The  other  major  component  of  wood,  lignin,  which  is  found  in 
intimate  association  with  cellulose,  has  a definite  effect  on  cellulose 
destruction.  The  protection  against  microbial  destruction  afforded  by 
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lignifioation  it  amply  Illustrated  by  a comparison  of  the  rates  of 
decay  of  non-llgnificd  or  sllghtly-lignified  materials,  such  as 
cotton  or  leavos,  with  those  of  more  highly  lignif ied  substances  such 
as  wood.  With  an  increase  in  lignifioation  there  has  been  shown  to 
be  an  increase  in  resistance  to  miorobial  attack. 

The  molecular  structure  of  lignin,  while  not  completely  established, 
consists  basically  of  phenyl  propane.  The  molecular  weight  is,  at 
present,  thought  to  be  about  840,  with  an  empirical  formula  ^45^43^1 5* 

In  addition  to  the  basic  skeletal  etructure,  several  hydroxyl  and  methoxyl 
groups  have  been  found.  There  is  evidence,  too,  of  one  carbonyl 
group  and  one  cnolic  group.  Brauns'  formulation,  which  Indicates  a 
keto-enol  isomerism,  best,  agrees  with  reviewed  data  (24). 

The  manner  in  which  wood  cellulose  is  bound  to  lignin  is  a matter 
of  prime  importance,  since  resistance  of  the  cellulose-lignin  complex 
to  ensymio  attack  may  well  be  due  to  the  nature  of  the  talon.  The 
kind  of  union  between  lignin  and  cellulose  is  highly  controversial. 

Consideration  of  the  cellulose  maoromolecular  etructure  loads 
to  the  conclusion  that  the  introduction  of  a unit  as  large  as  lignin 
into  this  structure  would  result  in  serious  distortion,  probably  to 
the  point  of  molecular  disruption  (27).  This  militates  against  the 
concept  of  a strong  chemical  union.  Also,  as  previously  noted,  wood 
cellulose  and  other  celluloses  are  probably  identioal.  This  implies 
that  a strong  chemical  linkage  with  lignin  is  highly  improbable,  al- 
though it  will  admit  the  possibility  of  an  occasional  chemical  bond  ( 
between  lignin  and  the  aurfaoe  unite  of  the  cellulose  maoromoleoule. 

Nord  and  Vitucci  (24)  have  reviewed  the  evidence  supporting  both 
the  chemical  bond  and  physical  union  concepts.  They  conclude  that 
experimental  data  are  in  favor  of  the  non-oxistenco  of  a chemical 
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linkage,  while  the  evidence  for  at  least  some  of  the  lignin  being  in 
a free  state  is  incontrovertible.  The  effeot  of  partiole  sise  on 
cellulose  degradation  offers  further  corroborative  data,  finely- 
ground  wood  particles  being  more  readily  attacked  than  large  particles 
or  intaot  wood. 

MICROBIAL  ACTION  ON  SUBSTITUTED  CELLULOSES 

In  addition  to  their  well-known  ability  to  attaok  natural  oellu- 
losio  materials,  microorganisms  may  exhibit  hydrolytic  aotivity  on 
cellulose  derivatives.  Several  substituted  oellulosea  have  been  ex- 
aminod  for  their  ability  to  resist  ensymatio  notion.  Vith  the  increas- 
ing use  of  cellulose  derivatives  for  myriad  oomraercial  products,  this 
aspect  of  the  cellulose  deterioration  problem  assumes  an  Increasing 
economic  importance. 

That  cellulose  can  be  rendered  more  resistant  to  microbial  at- 
taok by  chemical  substitution  has  been  known  for  some  time.  One  of 
the  earlier  (1921)  published  reports  was  that  of  Doree  (9),  who  noted 
the  resistance  of  oellulose  acetate  to  the  microbial  action  of  sea 
water.  This  property  of  oellulose  aoetate  has  been  confirmed  by  sever- 
al investigators.  Reoent  publications  (5,  8,  17,  36)  dealing  with  the 
degradation  of  substituted  oellulose  indicate  3 one  of  the  applications 
of  auoh  studies.  In  the  studies  cited  several  cellulolytic  microor- 
ganisms were  investigated,  using  various  substituted  celluloses  as  sub- 
strata. The  growth  response  of  the  organisms  was  taken  as  a criterion 
of  utilisation.  Results  showed  several  natural  fibers  to  be  vulnerable, 
only  small  differences  in  vulnerability  being  noted.  Substituted 
oellulosea,  on  the  other  hand,  showed  a wide  variation  in  immunity  to 
attaok.  Cellulose  triacetates  were  completely  resistant  to  attaok,  as 
was  more  highly  substituted  cyanoethylated  oollulose.  Low  substituted 
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cyanoethyl  cellulose  and  methyl  cellulose  appeared  to  be  attacked, 
how  orv  or. 
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Darby  (8)  haa  tested  the  resistance  of  several  substituted  cellu- 
loses to  the  action  of  Mvrotheclum  verrucarla.  a highly  active  cellu- 
lolytic organism.  He  found  the  following  to  be  completely  immune  to 
attaoki  othyl  oellulose,  (45-49. b%  ethyoxy),  acetyl  cellulose  (22J& 
acetyl  D.S.,  degree  of  substitution)  z 1),  triaoetyl  colluloso,  aoe- 
tyl  butyryl  cellulose  (1 6)6  butyryl),  acetyl  hydrogen  phthalyl  cellu- 
lose, acetyl  stearyl  cellulose,  tosyl  oellulose  (D.S.  - 1.29-2.01), 
idotosyl  cellulose  (D.S.  « 1,29-2.01  with  0,60  to  0,86  tosyl  groups 
converted  to  idotosyl),  cyanoethyl  oelluloso  (D.S.  * 1.02-2.90),  and 
the  mercury  salts  of  earboxymothyl  cellulose. 

Partial  resistance  was  found  in  the  following i mercerized  cotton, 

( ) regenerated  cellulose  (as  cellophane)*,  methyl  cellulose,  carbaxy- 

methyl  cellulose  as  free  acids,  the  sodium  salts  of  carboxymethyl 
oellulose  of  low,  medium  and  high  viscosity,  aluminum  salts  of  oar boxy- 
methyl  cellulose,  and  oxidised  oellulose. 

No  significant  differences  in  susceptibility  to  attack  were 
found  among  filter  paper,  dewaxed  cotton  sliver  and  extracted  natural 
linen. 

ENZYMATIC  DEGRADATION  CF  CELLULOSE 

Since  oeilulose  is  the  most  abundant  organic  compound  in  nature, 
it  is  not  surprising  that  cellulose-decomposing  activity  is  widely 
found  among  microorganisms.  Cellulolytic  organisms  may  be  found  among 
the  following  groupei  aerobic  and  anaerobic  bacteria,  aome  actinony- 
oetos,  filamentous  and  higher  fungi,  protozoq,  inflects  and  invertebrate 

C i 

animals  (41).  Some  of  thoue  organisms  are  highly  specialized,  requir- 

* Darby,  (loc.  cit.)  This  is  at  variance  with  the  report  of 
Burkholder  and  Siu  (5),  and  of  Saunders,  Siu  and  Genost  (32). 
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ing  cellulose  as  the  only  carbon  source;  others,  not  so  spocialisod, 
nay  utilise  a number  of  carbon  sources,  cellulose  among  thorn. 

Some  interesting  interrelationships  exist  between  cellulolytic 
organisms  and  non-collulalytic  species.  One  of  the  more  often  used 
Illustrations  of  symbiosis  is  that  existing  botween  the  ruminant  and 
microorganisms  inhabiting  its  digestive  tract.  The  latter  organisms 
produce  short-chain  acids  from  eelluloso  in  the  food,  which  acids,  un- 
like cellulose,  are  available  for  metabolism  by  the  host.  This  type 
of  interdependence  among  organisms  is  not  limited  to  the  examplo  cited, 
as  other  microorganisms,  including  proto a on,  act  in  a similar  manner 
on  behalf  of  their  hosts,  which  in  turn  protect  and  supply  nutrients 
to  the  microbes. 

Deterioration  of  wood  is  due  primarily  to  fungi.  It  is  not, 
however,  in  most  instances  oorried  to  completion  by  any  single  type 
of  organism.  Rather,  wood  is  attacked  initially  by  several  non -cellu- 
lolytic types  of  fungi  which  utilise  the  sugars  and  starches  but  not 
the  wood  substance,  'alien  the  nutrients  available  to  these  organisms 
are  diminished  tho  true  wood-destroying  fungi  invade,  causing  final 
destruction  of  tho  oellulose  and  lignin  (41)*  These  latter  organisms 
may  also  utilise  carbohydrates  other  than  oellulose. 

Nature  of  the  Cellulolytic  Reaction 

Initial  attaok  on  the  eelluloso  macromolecule  is  most  likely  a 
hydrolytic  ono.  Tha  classical  view  of  cellulose  hydrolysis,  and  one 
which  is  currently  widely  accepted  is  i 

collulase  cellobiase 

colluloso  ^ collobiose  ■ — ■ ■-  - glucose 

Pringshoim  (28)  showed  both  glucose  and  collobiose  to  be  present 
in  the  hydrolytic  products  of  eelluloso  acted  upon  by  thormophilic 
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bacteria.  Howevor,  the  possibility  of  the  release  of  lntraoellular 
ensymes  as  a result  of  lysis  of  oells  under  conditions  of  the  experi- 
ment is  pointed  out  by  Levinson  and  Reese  (17).  further,  Bfimlns  (15), 
oited  by  Norman  and  Fuller  (25),  was  unable  to  detect  oellobiose  in 
the  fermentation  of  oellulose  by  meaophilic  organisms. 

Tho  work  of  Grassaan  g$  (10),  cited  by  Levinson  and  Reese  (17), 
in  which  two  ensymes  were  separated  from  a dialysed  solution,  roqulros 
a different  representation  of  the  oellulcse-xo-gluccse  hydrolysis. 

Tho  ensymes  o on sis tod  of  a "oellulase"  capable  of  hydrolysing  chains 
having  as  few  as  6 anhydroglucoso  units,  and  a B-gluoosidose  capable  of 
hydrolysing  chains  two  to  six  units  in  length  but  which  had  little 
action  on  more  highly  polymerised  chains.  Tho  reactions  may  be  repre- 
sented os  follows! 

1,4  B-polysaccharaae  1,4  B-oligosaccharase 

oellulose  nfr  ^C6^L5°5^n  glucose 

oellulase  (nS2-6)  oellobiase 

A reoent  publication  by  Reese  et  al.  (31)  represents  the  reaction 
as  follows! 

Cl  Cx 

native  oellulose  > short  linear  ■■■  soluble  small 

polyanhydroglucose  molecules  oapable 

chain  of  diffusion  in- 

to the  coll 

The  Cj  step  oocurs  preliminary  to  hydrolysis  of  tho  straight  chain  by 
Cx.  Tho  authors  used  carboxymothyl  oellulose  (CMC)  as  a substrate 
for  tho  detoction  of  activity  and,  in  this  connection,  madd  tho 
following  statement,  "We  ore  restricting  the  use  of  the  term  Cjj  to 
the  enzyme  capable  of  hydrolysing  the  1,4  B-glucosidio  linkage  as 
found  in  cellulose  and  as  measurod  by  the  amount  of  reducing  sugars 
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obtain od  by  hydrolysis  of  CMC."  Further,  "The  term  cellulolytic  is 

V 

usod  in  the  broader  sonso  indicating  the  ability  to  attack  or  hydro- 
lyze native  colluloso  (cotton  and  filter  paper).  Cj  alone  is  unablo 
to  hydrolyso  those  materials. " The  cnsyme  Cx  was  able  to  hydrolyse 
starch,  pootic  acid,  alginio  acid  and  bacterial  dextran.  It  was 
found  in  all  collulolytic  organisms  tested  and  in  some  non-cellulolytic 
on  os. 

As  previously  mentioned,  thore  is  a relationship  between  tho 
molecular  structure  and  susceptibility  to  ensyme  attack.  Reese  al. 
(31)  state  that  in  experiments  using  substituted  celluloses,  they 
found  that  a single  substituent  on  oaoh  anhydroglucoee  unit  rendered 
the  derivative  immune  to  attack.  Moreover,  as  this  D.S.  (dogroe  of 
substitution)  value  decreases  there  is  a decreased  resistance  to  ensymic 
(_)  action.  While  the  degree  of  substitution  is  a determining  factor  in 

hydrolysis  rate  it  is  indicated  that  D.P.  (degree  of  polymerisation) 
is  not. 

Greathouse  (11)  prepared  a series  of  polyhomologous  hydrooollulosoa 
ranging  in  D.P.  from  1675  to  120.  His  data  indicated  no  significant 
difference  in  attack  by  Myrotheclua  verrucarla  on  the  various  members 
of  the  series.  This  is  in  accordance  with  the  findings  of  Siu  ot  al. 
(36),  and  with  those  of  Walseth  (42),  who  found  no  significant  relation- 
ship betwoon  the  ease  of  enzymic  hydrolysis  of  cellulose  and  its 
degree  of  polymerisation.  Gror.thouse  considers  that  enzymic  attack 
is  random  along  the  cellulose  chain. 

This  is  at,  variance  with  Clayson's  end-rrise  attack  (7).  Sinco  a 


decrease  in  0 T.  would  increase  the  number  of  torxinal  glucose  units 
* 

available,  an  cni-wise  attack  would  givo  greater  reactivity  as  the  D.P 
docreasos. 


Using  commercial  enzymo  preparations  as  a sourea  of  oellulase, 
and  cotton  lint era,  sweliod  or  dispersed  with  phosphoric  acid,  as 
substrates,  ’Valaeth  (loc.  oit.)  has  found  that,  as  the  reaction  pro- 
gresses, there  is  a marked  decrease  in  reactivity  of  the  undissolved 
cellulose.  Decreased  moisture-regain  values  for  the  undissolved  residue 
indicate  tho  amorphous  region  of  the  cellulose  to  be  attaoked  most 
rapidly,  which  could  account  for  the  reactivity  decrease,  sinoe  the 
extent  of  attack  would  be  limited  by  a decrease  in  reletlve  amounts  of 
amorphous  cellulose.  4 comparison  of  enzymic  hydrolysis  with  acid 
hydrolysis  indicated  that  the  large  enzyme  molecule  cannot  penetrate  the 
inter-crystalline  spaces  of  the  celluloso  macromolecule,  with  the  result 
that  only  those  chains  which  can  bo  oontneted  are  depolymerized.  The 
residue,  then,  was  highly  polymerised, 'though  much  of  the  sample  was 
dissolved.  The  hydronium  ion,  on  the  other  hand,  could  penetrate  the 
cellulose  structure  and  hydrolyze  tho  more  interior  chains  with  tho 
result  that  hydrolysis,  to  the  extent  of  appreciable  weight  loss,  results 
in  a low-polymer  residue. 

Cellulose  treated  with  phosphoric  acid  prior  to  enzyme  action,  re- 
sults in  a "high  reactivity  cellulose"  due  to  a swelling  of  the  oollulose 
structure,  thus  facilitating  enzymo  penetration.  Reactivity  increases 
as  the  length  of  treatment  timo  increases  with  the  resultant  extension 
of  tho  crystal  lattice  (42), 

THE  7J00D-R0TS  AS  CELLULOLYTIC  GRGAPISMS 

As  previously  pointed  out,  thy  wood-rots  play  a leading  role  in 
tho  ultimate  destruction  of  roody  materials.  Numerous  organisms,  in- 
cluding m u.y  fvrgi.  bacteria,  protozoa  and  ^rvort:- brutes,  are  possessed 
of  enzyme  systems  capable  of  degrading  naturclly-occuring  cellulosio 
rae.toriol.  The  wood-rots,  horever,  are  unitjuo  among  celluloso  destroyers 
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in  that  they  are  able  to  onzym&tioally  degrade  lignlfled  material.  Decom- 
position of  ligno-oelluloae , according  to  Cartwright  and  Findlay,  (6) 
la  restricted  to  certain  Basidlomyoetes  and  a few  Aseomyoetes,  In  Tiow 
of  thia  unique  ability,  it  ia  somewhat  ourpTlamg  that  the  enzymo 
complex  of  wood -rota  has  been  the  subject  of  relatively  little  Investiga- 
tion. 

There  are  two  principal  types  of  wood  decay  brought  about  by  wood- 
doatroying  fungi.  In  either  type  celliilose  is  dagradod;  the  white  rota 
also  degrade  lignin,  while  the  brown  rots  do  not  attack  thia  latter  sub- 
stance-, 

Zeller  (45)  was  among  the  first  to  investigate  the  wood-rota  for 
enzyme  content.  He  found  a cel] ulnae,  among  several  other  enzymes,  to 
bo  present  in  Lena it ea  saeptarin.  The  vogetative  mycelium  contained 
groator  amounts  of  onzyme  than  the  sporophore  tissue.  Later,  Schmitz 
and  Zeller  (35)  reported  a similar  group  of  enzymes  occur ing  in  Arm 11- 
laria  aollea.  Daedalea  confragosa  and  Polyporus  lucidua.  Bose  and 
Sarkcr  (4)  made  an  import nnt  contribution  to  the  study  of  wood-rot 
physiology  when  they  found,  in  eight  species  of  Polyporaeeae,  the  ex- 
tracellular enzymes  in  general  to  be  present  in  greater  amounts  than 
the  corresponding  intracellular  enzymes.  The  extracellular  nature  of 
many  fungal  enzymes  was  thus  established,  pointing  out  the  inadequacy 
of  somo  earlier  experimental  work  in  which,  for  the  most  part,  myceli- 
al extracts,  and  inferior  cnaymo  source,  were  used.  Confirming  the 
earlier  work  of  Zeller  (45),  Bose  anr'  Sorker  (4)  found  the  vegetative 
mycelium  superior,  as  a source  of  enzymes,  to  fruiting  or  about-to- 
frvi'%  atructureo . 

Moat’s  ;,/>).  using  prcs3  juice  from  Mor'di  i:.  ac.r  ymana.  precipi- 
tated the  enzymes  with  alcohol -ether.  Ho  found  celluloso  to  bo  foobly 


attacked,  and  then  only  by  preparation*  from  oldor  cultures.  Lichenin 
and  eellobioao,  howevor,  were  vigorously  attacked. 

In  his  review,  Boso  (3)  points  out  that  only  about  two  doxen 
wood-rots  have  been  studied  with  regard  tc  their  ensyme  activity.  More 
rocontly  the  problem  of  cellulose  dissimilation  has  beon  studiod  by  an 
investigation  of  tho  end  products  of  wood-rot  metabolism.  Bir kins haw 
Si  Si*  (2)  found  Coniopbora  oerebella  to  produce  ooetio,  formic,  citric 
and  oxalic  acids.  Oxalic  acid  has  been  demonstrated  as  a metabolic 
product  of  For  la  yaillantii  (30),  and  Morulius  lacrvmnns.  Lentinus 
lepideus.  acting  on  wood,  givos  rise  tc  mothyl-P-methaxycinnamato  os  a 
metabolic  product  (1).  Since  this  product  is  also  produced  by  the  fun- 
gus acting  on  gluoose  (24),  it  appears  to  corroborate  the  theory  that  a 
preliminary  stop  in  wood  degradation  is  a hydrolytic  action  in  which 
gluooao  is  produced. 

In  a scries  of  papers  on  the  biochemistry  of  wood-rotting  fungi, 
Nord  ot  si.  (IS,  19,  20,  21,  22,  23  , 24,  40),  have  presented  considera- 
ble evidonco  of  the  fate  of  cellulose  utilised  by  wood-rots.  They  fol- 
lowed tho  stopwlse  dissimilation  of  glucoso  to  various  ond  products. 
Glucoso  breakdown,  in  many  oasos,  is  principally  to  oxalic  acid.  Also 
produced,  in  groator  or  lesser  amounts,  are  ethyl  alcohol,  aootic  acid, 
acotaldohyde  and  auccinio  acid. 

Oxalic  acid,  in  those  instances  where  it  is  produced,  apparently 
results  from  the  oxidation  cf  acetic  acid,  which  may  be  converted  to 
oxalic  acid  by  either  of  two  metabolic  rcutos  (24). 

Further  work,  in  which  purified  cellule,  c,  and  in  some  cases 
wood,  wore  used  as  substrates  9howed  tho  same  metabolic  products  to 
bo  elaborated  as  when  glucose  was  usod.  From  this,  according  to  tho 
authors,  it  would  be  justified  to  postulate  a mochanism  for  cellulose 
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degradation  by  a consideration  of  the  phase  sequenoo  of  gluoose  dis- 


similation. The  theory  of  preliminary  hydrolysis,  previously  mentioned, 
is  further  strengthened. 

Nord  $t  a^.  also  made  an  examination  of  residual  oelluloee  and 
showed  an  inoroaso  in  reducing  power  as  oxalic  acid  increased,  indi» 
eating  the  organism  (Conionhora  cerobella)  split  the  1,4  glycosidio 
bond,  giving  rise  to  new  reducing  groups.  This  would  overshadow  that 
possible  action  which  would  split  hemiacetal  linkages  with  its  resultant 
diminution  of  reducing  power. 
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GENERAL  AND  SPECIFIC  OBJECTIVES 


C) 


C> 


This  research  has  as  its  broad  object ire  a fundamental  study  of 
the  nutrition  and  physiology  of  the  wood-rotting  fungi.  These  organ- 
isms - - classified  aa  Basidionycetes  - - include  the  so-called  "brown 
rots"  and  the  "white  rots"  which  primarily  attack,  respectively,  the 
oelluloee  and  the  lignin  of  the  oolluloee-llgnin  complex  of  wood.  It 
is  hoped  that  these  studies  may  contribute  to  the  practical  problems 
of  the  prevention  of  wood  deoay  and  of  the  fermentative  utilisation  of 
carbohydrate  materials  (including  waste  cellulose),  as  well  as  extend- 
lng fundamental  scientific  knowledge  of  the  organisms. 


More  specifically,  this  investigation  involves  (1),  a systematic 
study  of  the  nutritional  requirements  of  representative  wood-rotting 
fungi  under  controlled  conditions  of  artificial  culture;  and  (2),  study 
of  various  aspects  of  the  physiology  of  selected  organisms.  Some  43 
species  of  wood  rot?  - - representative  of  different  types  involved  in 
the  deosy  of  wood  — are  presently  under  Investigation. 

Study  of  the  nutritional  requirements  (1)  involves,  among  other 
things,  development  of  chemically-defined  (synthetic)  culture  oedia  for 
growth.  Thit*  includes  the  QUAlitatiyp  needs  of  all  the  organisms  for 
"trace"  elements  and  inorganic  salts,  for  nitrogen  compounds  and  carbon 
compounds,  and  for  vitamins  or  other  nutrilites,  and  the  Quantitative 
characterization  of  these  nutrients  for  the  optimal  growth  of  the  organisms. 


Study  of  the  physiology  (2)  includes  investigation  of  the  cellulo- 
lytic enzymes,  which  are  responsible  for  the  primary  breakdown  of  wood; 
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utilisation  of  various  carbohydrates  by  tbs  organises ; determination  of 
tbs  end-products  of  the  fermentation  of  carbon  compounds,  including 
waste  callulosio  materials}  study  of  oxidation-reduction  changes  in 
culture  and  their  relation  to  growth  and  fermentation)  pH  and  tempera- 
ture optima,  and  related  problems. 

The  above  studies  of  nutrition  and  physiology  are  fundamental  to 
a rational  approach  to  the  control  of  wood  decay  and  to  the  practical 
applications  of  the  organisms  in  the  fermentation  of  carbohydrate  ma- 
terials to  economically  valuable  products. 
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QATBQCRZZS  OP  SPECIFIC  STUDIES  JUDE 

1.  Growth  of  wood  rota  In  non-synthetic  culture  nod  la 

2.  Development  of  purely  synthetic  (ohealc ally-defined) 
media  for  growth  and  nutrition  stud lea 

3.  Utilisation  of  diffurent  forme  of  organio  and  inorganic 
nitrogen 

4*  Utilisation  of  different  carbon  compounds 
5*  Growth  curves  of  the  wood  rots 

6.  Vitamin  requirements,  substitutions,  components  and 
synthesis 

7.  Optimum  temperature  for  growth 

8.  Optimum  pH  for  growth 

9.  Oxidation- reduction  potential  (Eh)  in  relation  to  growth 

10.  Development  of  synthetic  media  optimal  for  growth 

11.  Separation  and  concentration  of  cellulolytic  ensymes. 

12.  Development  of  "cellulase  assay  tube”  for  rapid  determination 
of  oellulase  activity. 

13.  Produotion  of  organio  acids  by  wood-rotting  fungi 

14.  Pigment  produotion 

15.  Produotion  of  fungal  polysaccharides 

16.  Method  for  determining  cellulose  breakdown  in  sawdust 

17.  Large-scale  growth  of  wood  rots  in  aerated  liquid  culture 

18.  Fermentation  of  sawdust,  bark,  and  other  complex  carbo- 
hydrate materials 

19.  Respiration  studies 
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LIST  OF  ORGANISMS  USED 

fiut 

Culture  i 

Source 

Brown  rots— 

Coniophora  care be 11a 

# 2 

Brasil** 

Daedalaa  queroim 

FP  57076-S 

U.S.D.A.* 

Fones  me lime 

50336-R 

tt 

Footes  offlolnalis 

F 1276 

it 

Foaes  rosaus 

Snell  11 

N 

Foaes  subroeeus 

Snail  20 

N 

Hydnun  pulcherrlaun 

81027-R 

N 

Bjaenochaete  sallel 

# 3 

Brasil** 

Lentinus  lepideue 

534 

U.S.D.A.* 

Lensites  saepiaria 

537 

■ 

Lensltas  striata 

# 1 

Brasil** 

Lensites  trabea 

539 

U.f.D.A.* 

Marullus  laaryaans 

FP  94365 

N 

Polyporus  betulims 

58514-S 

* 

Polyporus  iaaitos 

FP  71384 

* 

Polyporus  palustris 

91452 

N 

Polyporus  sobae ini tail 

71356-S 

11 

Polypoma  spreguei 

14857-3 

N 

Polyporus  sulphureus 

4B603-S 

■ 

Poria  ooeos 

71051 

n 

Poria  incrassata 

563 

n 

Paris  luteo fibre ts 

FP  94373-* 

it 

Poria  aontloola  (originally 

micro spore) 

575 

S 

Poria  nigra 

71118 

IT 

Poria  oleraceae 

198 

it 

Poria  vaillantii 

90677 

it 

Ptychogaster  rube toe ns 

UIFP  716 

* 

Trans tea  aallcola 

71956 

it 

Trane tea  serial is 

11977 

•1 

White  rota— 

Armillaria  Bellas 

FP  46700 

n 

Fones  anno sue 

90696-R 

it 

Fones  fonentarlus 

59009-S 

it 

Fones  geotropus 

55521-S 

it 

Fones  pini 

71757 

it 

Lentinus  tlgrlnus 

466 

11 

Peniophora  glgantea 

56475-5 

11 

Polyporus  abletinua 

71429-R 

11 

Polyporus  anoeps 

58526 

it 

Polyporus  fuaosus 

# 4 

Brasil** 

Polyporus  tulipiferus 

Mad.  517 

O.S.D.A.* 

Polyporus  versicolor 

57034-R 

it 

Poria  eubaclda 

71955 

n 

( * Dr.  Ross  Davidson,  U.S.D.A.,  Division  of  Forest  Pathology,  Beltsville,  Md. 

**Dr.  Armando  Russo,  Instituto  d«  Pesqulsas  Tecnologicas,  Sao  Paulo,  Brasil. 
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The  basic  routine  method  for  arrowing  the  wood  rote  was  that  of  aerated 
liquid  culture  (submerged  culture) , using  snail  flasks  on  a shaking  aachine 
(shake  culture),  or  large  bottles  with  forced  aeration.  Reproduction  of 
bits  of  the  fungus  results  in  the  formation  of  pellets  of  ayceliua,  the 
fora  and  aaount  of  which  wary  with  the  organism  and  the  nutrient.  (Fig.  1). 
Tha . submerged  culture  technique  offers  several  phyeiologically-desir*ble 
conditions  for  controlled  growth  and,  in  addition,  the  large  bottles  (Fig.  2) 
are  useful  for  the  quantity  production  of  sold  ayceliua,  ensyaea,  or  fermen- 
tation products,  lost  of  the  work  wae  done  with  shake  cultures  (Fig.  4), 
using  70  ml.  of  culture  fluid  per  250-al.  Srlenaeywr  flask.  Solutions 
of  tits  nutrients  under  test  constituted  the  culture  fluid.  Except  in 
studies  on  pH,  all  culture  media  routinely  were  adjusted  so  that  they  had 
a pH  of  approximately  5.5  after  sterilisation.  The  Inoculated  flaaka 
were  incubated  on  a reciprocating  shaking  machine  (Fig.  3)  hawing  a 
stroke  of  l£  inches  and  giving  110  3-inch  excursions  per  minute.  Routinely, 
all  incubations  were  at  28°-30°C.  for  7 days  unless  otherwise  specified. 
Determinations  of  pH  and  Eh  were  made  with  a Beckman  apparatus. 

Tbs  stock  cultures  of  the  fungi  were  carried  on  potato  dextrose  agar 
(PDA),  then  grown  in  shake  culture  in  a standard  l£  malt  extract  (Difco, 
desiccated)  broth  to  produce  pellets  of  mycelium  for  inoculating  the  teat 
media.  A standard  amount  (0.15  ml.,  ■ 0.02-0.03  mg  dry  weight)  of  blended, 
washed  growth  was  used  for  all  lnoculationn,  except  the  first  inoculum 
from  the  PDA.  The  mycelial  pellets  were  blended  in  a faring  blendor  for 
1 minute  and  the  material  in  the  resulting  homogeneous  suspension  washed 
by  centrifuging  at  2000  rpm  ar.d  re buh pending  three  times.  The  primary 
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FIGURE  2.  AERATED  BOTTLE  CULTURE  OF  WOOD-ROTTING 
FUNGUS.  One  liter  of  culture  medium  in  2 -quart  bottle.  Left:  glass- 
fiber  filter  for  sterilizing  air;  right:  flowmeter  for  measuring  rate  of 
air  flow. 

O 


FIGURE  3 . DOUBLE-DECK  RECIPROCATING  SHAKING  MACHINE. 
Capacity  270  250-ml.  flasks;  stroke:  l£  inches;  speed:  +£€  3-inch  cy- 
cles per  minute. 
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FIGURE  4.  SHAKE  CULTURES  OF  WOOD-P.OTTING  FUNGI. 

70  ml.  of  culture  medium  in  250-ml.  flasks.  Left:  a trace  of  growth; 
center:  medium  growth  (circa  50  mg.);  right:  good  growth  (circa  100 
mg.). 
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loo  culm  into  a given  teat  medium  was  growth  from  the  standard  salt  extract 
broth,  then  each  of  twc  succeeding  serial  subcultures  4&  that  sane  test 
medium  was  started  with  washed,  blended  growth  from  the  preceding  one. 
Thus,  all  data  on  the  growth  of  a fungus  in  a given  nutrient  are  based 
routinely  on  the  third,  serial,  7 -day  subculture  in  that  nutrient,  using 
controlled  inoculum  sise.  Experiment  showed  that  at  least  three  such 
successive  transfers  were  necessary  in  order  to  minimise  or  rule  out  the 
carry-over  by  the  organism  of  nutrients  from  one  medium  to  another.  All 
quantitative  data  on  the  value  of  teat  nutrients  are  based,  unless  other- 
wise specified,  on  the  dry  weight  of  ayoelium  produced  in  media  in  dupli- 
cate flasks.  (Nutritionally-adequste  media  resulted  in  the  production, 
per  70  ml.  of  medium,  of  from  50  to  150  mg.  (dry  weight)  of  fungal 
mycelium  from  an  inoculun  of  0.02-0.03  mg.).  Because  many  organisms  did 
not  attain  their  maximum  growth  in  the  7-day  incubation  period,  the  growth 
data  actually  measure  rate  of  growth.  The  standard  error  of  mycelial 
weights  in  duplicate  flasks  was  about  t.  4t.  Flasks  for  the  shake  cultures 
were  capped  with  a fresh,  4-inch  square  of  special  cellophane  (Dupont, 
type  450  PT)  which  withstands  autoclaving,  held  in  place  loosely  by  a 
rubber  band.  (This  material  deteriorates  so  that  it  cannot  be  autoclaved 
if  more  than  three  months  old.)  The  use  of  this  cellophane  is  much  to 
be  preferred  to  the  usual  cotton  plug  which  my  introduce  traces  of 
contaminating  nutrients  into  the  chemically  defined  test  solutions. 

Also  to  minimize  contamination  with  unknown  nutrients,  special  care  was 
used  in  cleaning  glassware.  Only  distilled  water  was  used  in  rinsing 
glassware  and  in  making  solutions,  and  chemicals  were  of  the  highest 
purity  obtainable.  Controls  were  run  routinely  in  all  tests.  All 'media 
were  autoclaved  at  15  pounds  (121°C.)  for  20  minutes.  For  the  basal 
medium,  the  inorganic  salts,  glucose  and  vitamins  were  sterilized 
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separately,  then  combined  aeeptically.  After  autoclaving,  media  were 
cooled,  shaken  for  1 hour  on  the  shaking  aa chine,  and  inoculated. 

Special  procedures  for  various  studies  are  given  below  in  the 
appropriate  sections. 


Transfer  contents  of  one  flask  culture  (70  ml)  to  a one-pint 


glass  Waring  blendor  cup  and  grind  for  1 minute 

(2)  Pipette  15- ml  of  homogenate  into  15  ml  graduated  centrifuge  tube. 

(3)  Centrifuge  for  2 rain  at  2000  r.p.m.,  decant  supernatant  and  pipette 
or  pour  10  to  15  ml  of  sterile  distilled  water  (use  individual 
tubes  if  pourod)  into  tube  and  resuspend  fragments. 

(4)  Repeat  centrifuging,  decanting  and  resuspending  procedures  twice. 

(5)  The  lost  resua pension  is  quantitative.  Sterile  distilled  water  ie 


added  to  a total  of  30  times  the  volume  of  paoked  fragments; 


for 


example,  0.5  ml  peeked  fragments  made  up  to  a total  of  15  ml.  More 


than  0.5  ml  of  pecked  fragments  can  be  discarded  by  removing  excess 


mycelium  when  decanting  in  the  intermediate  washings. 

(6)  Inoculum:  0.15  ml  of  homogenate  per  70  ml  of  medium. 


Note:  The  blenc'or  cups  were  covered  with  the  top  half  of  a Petri  dish 

(making  an  all-glass  unit),  wrapped  in  paper  and  autoclaved  for 
30  min  at  121°C.  The  centrifuge  tubes  and  tightly-fitting 
n’.bter  cape  were  also  autoclaved  separately.  The  tubes  of  water 
were  covered  with  oollophane  or  aluminum  caps.  Selected  stand- 
ard pipettes  were  used  to  insure  close  check  of  replicates. 
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Host  of  the  nutritional  studies  were  carried  out  using  synthetio 
(chemically  defined)  media.  The  following  basal  medium,  used  routinely, 
supported  "minimal"  growth  of  all  the  organisms  investigated.  It  was  used 
for  determining  utilisation  of  different  compounds  of  nitrogos,  of  various 
carbon  sources  (substituted  for  the  glucose)  and  of  vitamins,  and  also 
as  the  basis  for  the  development  of  quantitatively  "optiaal"  media,  vary- 
ing all  constituents  in  numerous  combinations. 


TABU  1 


Basal  Synthetio  Medium 


Glucose 


KHjFC^  (K-430,  P«342  mg.  AO 
«gS04.7H20  (Kgs49. 5 mg. A.) 
Thiamine  monohydrochloride 
Source  of  nitrogen 


10.0  gm.  Alter 
1.5  gm.  Alter 
0.5  gm. Alter 
1.00  mg.  Alter 
120  mg.  Alter  N ( see  below) 


B (as  H3BO3) 

Mn  (as  linCl2.4H^0) 

Zn  (as  ZnSO^.THjO) 

Cu  (as  CuS04.5H20) 

Mo  (as  (NH^MotOj^AH^) 
Fo  (as  FoSO^.THgO) 


0.10  mg.Alter 
0.01  mg.Alter 
0.07  mg.Alter 
0.01  mg.Alter 
0.01  mg.Alter 
0.05  mg.Alter 


To  this  basal  medium  a known  nitrogen  compound 
in  a concentration  of  0.012$  (120  mg. /liter)  total  1 


was  added 


1,  except  that 


amino  acide  which  were  available  only  as  racemic  mixtures  (DL)  were  used 
in  a concentration  of  0.024$  total  nitrogen,  on  the  assumption  that  only 
the  natural  (L)  form  of  the  acid  might  be  utiliaable.  Ammonium  nitrate 
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was  used  In  a concentration  to  git*  0.012$  asacnlua  nitrogen.  Routinely, 
for  purpose*  other  then  the  study  of  nitrogen  cospcunds,  gluts  ale  acid 
ess  the  usual  source  of  nitrogen,  and  ms  added  In  a concentration  of 
1.26  ga. /liter  (*120  ng. /liter  total  nitrogen). 


O 


© 
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RESULTS 

The  data  herein  presented  on  the  nutrl tion  and  certain  aspects  of 
the  physiology  of  the  wood  rotting  fungi  are  based  chiefly  oh  some  40,000 
shake  cultures. 

OPTIMUM  TEMPERATURE  FOP  GROWTH  OF  WOOD  ROTS 

Preliminary  studies  and  a review  of  the  literature  made  when  this 
project  was  started  showed  ‘teat  28°C  was  a good  "average”  optimum 
temperature  for  all  the  organisms.  Because  only  one  constant  temperature 
room  large  enough  for  the  shaking  apparatus  was  available,  this  tempera- 
ture has  been  used  routinely.  However,  it  seemed  desirable  to  determine 
more  closely  the  optimum  temperature  for  the  various  species  used,  and 
data  for  most  of  these  is  herein  presented. 

The  organisms  were  inoculated  ante  malt  extract  (1%)  agar  slants,  and 
incubated  at  24°,  28°,  30°  and  32°C.  for,  usually,  7 days.  The  amount  of 
growth  was  determined  by  visual  observation.  The  apparent  optimum  tempera- 
ture was  taken  as  that  temperature  giving  the  greatest  amount  of  growth, 
while  the  temperature  giving  the  next  greatest  growth  indicated  on  which 
side  of  the  apparent  optimum  the  true  optimum  probably  lay. 

Table  2 shows  the  experimentally-determined  approximate  optimum  tempera- 
tures for  most  of  the  organisms.  It  is  apparent  that  while  the  great  major- 
ity have  an  optimum  temperature  close  to  28°C,,  there  are  a few  species  for 
which  a higher  temperature  is  better  (notably  Lenzites  trabea.  Porla 
oleracese.  Porla  subaclda  and  Polyporus  abietlnuB).  and  some  which  grow 
better  at  a lower  temperature  (Fomes  roseus.  Fomes  officinalis.  Porla 
valllantil.  Merulius  lacrymans  and  Fomes  anr.osus).  Merulius  lacrymans  is 
the  only  organism  which  really  grows  poorly  at  28°C,  Theoretically,  the 
optimum  temperatures  would  not  be  the  same  in  shake  culture  as  those 
above-determined  on  slants,  but  a few  experiments  showed  that  this 
difference  is  not  of  practical  experimental  significance  in  the  nutrition 


work. 
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TABU  2 

« 

OPTIMUM  TEMPERATURES  FOR  GROWTH  OF  "GOD  ROTS 


Based  on  visual  estimation  of  greatest  amount  of  mycelium  produced  on 
malt  extract  (15)  agar  slants,  adjusted  to  pH  5.5,  and  incubated  fot  7 days 
unless  otherwise  indioated,  at  24  , 28°,  30°  and  32°C.  A / or  - after  the 
apparent  optimum  temperature  figure  indicates  whether  the  next  greateet 
amount  of  growth  was  obtained  at  a temperature  higher  (/)  or  lower  (-) 
than  the  talus  given. 


Orgasm 
Brown  rots  - 


Optimum 


Organism 

Brown  rots  (cont. ) - 


Optimum 

re  two 


Poria  inorassata* 

26- 

Ptyohogaster  rubescens 

Poria  montioola 

26- 

Daedalea  quereina 

Polyporus  palustrla 

2?/ 

Poria  oleraceae 

Lentinus  lepideus 

28/ 

Poria  luteofibrata 

Fomes  subromeus 

28/ 

Merullus  laorynans* 

Lensites  trabea 

32 

Polyporus  sulphurous* 

Pomes  roseris* 

24/ 

White  rote  - 

Fomes  meliae 

30- 

Polyporus  tulipiferue 

Fomas  officinalis*  24/ 
Poria  xantha  26/ 
Poria  oocob  28/ 
Poria  nigra  26- 
Poria  vaillantii*  24/ 
Polyporus  spraguei  26/ 
Polyporua  betullnus  26/ 
Polyporus  immitus  28- 
Polyporus  schweinitsii  28- 
Lenaitee  saeplaria  28- 
Tr&oetes  serialis  28- 
Hydnum  puloherrimum  26/ 
Lenzites  striata  26/ 


28/ 

28/ 


Polyporus  anceps 
Aral liar ia  aellea* 
Peniophora  gigantea 
Poria  subacida 
Pomes  fomentarlus 
Polyporus  versicolor 
Fomas  annoeus 
Lentinus  tigrinus 
Foxes  geotropus 
Polyporua  abietinus 
Foxes  pin! 

Polyporus  fuaosus 


( 


Copiophora  oerebella 
Trametcs  malicola 


* 14-day  culture 


3? 


GROWTH  OF  WOOD  ROTS  IN  NON-SYNTHETIC  CULTURE  MEDIA 

For  orientation,  and  as  a preliminary  to  the  development  of  purely 
synthetic  (i.e. , chemically-defined)  media,  it  was  desirable  to  determine 
certain  growth  characteristics  of  wood  rots  in  non-synthetic  ('’natural™  or 
artificial)  media.  The  media  used  were  chosen  because  previous  work  had 
shown  that  some  of  the  wood  rots  made  good  growth  in  them  or  because  of  their 
cheapness,  nutritional  qualities,  or  other  desirable  characteristics. 

The  following  nutrient  solutions  were  used  for  shake  cultures  of 
the  various  fungi,  the  concentrations  (on  a total  nitrogen  basis)  being 
shown  in  Table  3s  malt  extract  (Difco,  desiccated),  corn  steep  liquor,  soy 
bean  meal  / glucose,  ethyl  stillage  (condensed  molasses  distillers'  solubles — 
trade  name  "Curbay  5-6%  U.S.  Industrial  Chemicals),  peptone  (Difco),  peptone 
/ glucose,  gluten  (Central  Scientific  Co.,  technical  grade)  / glucose,  and 
casein  hydrolysate  ("vitamin- free™,  General  Biochemicals)  / glucose  / 
thiamin  / inorganic  salts.  The"initial  pH"  given  is  that  of  the  sterilized 
but  unadjusted  medium  except  for  the  casein  hydrolysate,  which  was  adjusted. 
Except  for  casAin  hydrolysate  alone,  all  nutrients  contained  various  vitamins 
in  unknown  amounts.  The  vitamin  added  to  the  vitamin-free  casein  hydrolysate 
was  thiamin  only  (l  gamma  (Y)  per  ml.  of  medium),  which  we  had  previously 
found  to  be  the  most  essential  nutrilita  for  the  growth  of  wood-rotting  fungi. 
The  inorganic  salt  mixture  used  in  the  casein  hydrolysate  medium  is  the 
"trace  element"  mixture  of  the  basal  medium  (Table  1), 

The  following  32  representative  wood  rots  wore  tested  in  shake  culture 
with  the  above  nutrients!  brown  rots— Fomos  rosous,  Fomes  subroseus,  Foines 
meliae,  Fomes  officinalis,  Poria  incrassata,  Poria  xantha,  Poria  monticola, 
Poria  cocos.  Poria  nigra.  Poria  oleraceae.  Forla  vaillantii.  Polyporus 
Sprague i.  Polyporus  betulinus.  Polyporus  palustrls.  Polyporus  immitus. 
Polyporus  schweinltzil.  Lenzites  trabea,  Lenzites  saspiarla,  Poria  luteo- 
fibrata,  Merulius  lacrymans,  Lentinus  lepldeus.  Trametes  sarialis,  Hydnum 
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pulcherrlaum,  Ptychogaster  rubescens,  Daedalsa  qusrolaat  white  !£$§ — 
Polyporus  tulipiferus.  Polyporm  wrsloolor,  Penlophora  sl**ntaa.  J^asLUgfA? 
J&Utf,  Borla  subaolda.  flui  fomentarius.  Fomei  m oius.  Stock  cultures  of 
these  organises  are  carried  on  potato  dextrose  agar. 

To  illustrate  the  data  obtained,  results  of  the  growth  of  a representa- 
tive brown  rot,  Poria  gantha,  in  different  nutrients  are  shown  in  Table  3. 
Corresponding  data  have  been  obtained  for  the  31  other  wood  rots  named 
above.  Sstination  of  the  aaount  of  growth  was  done  visually,  with  the 
greatest  aaount,  regardless  of  organ Isa  or  nutrient,  being  recorded  as  *4f 
The  results  of  all  third-transfer  observations  of  the  growth  of  32 
wood  rots  in  8 non-synthetic  media  nay  be  bums  vised  as  follows. 

1.  Ill  of  the  fungi  tested  grew  to  a greater  or  lesser  extent  in  all  of 
the  nutrient  media  used,  but  with  narked  differences  in  the  aaount  of  growth* 
depending  upon  the  medium.  This  indicates  the  diversity  of  nutrients  for 
minimal  growth  and  at  the  same  time  points  up  the  differences  among  various 
species  as  regards  optimal  nutritional  requirements. 

2.  The  fungi  producing  the  greatest  amounts  of  growth  were  Ptychogaster 

rubescens  in  malt  extract  and  in  gluten  / glucose;  Poria  valllantll,  Daedalea 
quercina  and  Polyporus  betullnua  in  malt  extract;  Polyporus  schweinitsll  in 
corn  steep  and  in  gluten  / glucose;  Pomes  officinalis  in  soy  bean  meal  / 
glucose;  Poria  inc rases ta  in  ethyl  stillage  and  in  gluten  / glucose;  Poria 
xmntha  and  Fomas  noliae  in  gluten  / glucose;  Poria  cooos  in  ethyl  stillage; 
and  Polyporus  lmmltus,  Polyporus  versicolor  and  Foaes  annosua  in  casein 
hydrolysate  / glucose  / / inorganic  salts.  These  results  show  that 

there  are  differences  in  optimal  nutritional  requirements  among  various 
specios  of  fungi  and  also  suggest  the  nutritionally  "beet*  media  of  those 
tested. 

3.  A greater  number  of  the  fungi  gave  good  growth  in  casein  hydrolysate  / 
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‘ ' TABLE  J 6 

GROWTH  CHARACTERISTICS  OF  WOOD  ROTS  IN  BARIC©  NCH-SINTHETIC  MEDIA 


Seven-day  shake  cultures , third  transfer*  Growth  estimated  visually# 
greatest  amount*4*  Nitrogen  percentage  refers  to  that  in  the  solution  used* 

Organises  Porla  xantfta 


(Nitrogen  = 0* 


Amount  of  growth  1 


Pellet  also 


medluB 


Nitrogen  * 0.16%) 
Amount  of  growth  1 


Pellet  else 


medium 


Initial  pH 
Pinal  pH 


Initial  pH 
Final  pH 


fern  steep  liquor 
(Nitrogen  = 0*012%) 


Amount  of  growth  2 


Pellet  else 


medium 


feBtgRg_ll 
(Nitrogen  = 0,16%) 
Amount  of  growth  1 


Pellet  size 


medium 


Initial  pH 
Pinal  pH 


Initial  pH 
Final  pH 


(Nitrogen  = 0.012%) 
Amount  of  growth  1 


Pellet  size 


p-adium 


(Nitrogen  » 0.12%) 
Amount  of  growth  3 


Pellet  size 


small 


Initial  pH 
Final  pH 


Initial  pH 
Final  pH 


p&Litm&ga 

(feCorbav  B •G!l ) 
(Nitrogen  s 0«G12%) 


Amount  ef  growth  2 


Pellet  size 


mited- 


fee^h^di^l^sate 
I*  jrluqote  £ _s  &LS& 


(Nitrogeu  = 0.012%) 
Amount  of  growth  2 


Pellet  size 


small 


Initial  pH 


Initial  pH 


Final  pH 


Final  pH 


±. 
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glucose  / thiamin  / inorganic  salts  than  in  any  other  medium;  gluten  / glucose , 
and  ethyl  stillage  were  close  seconds.  Peptone)  and  peptone  / glucose  were 
the  poorest  media  as  regards  the  majority  of  fungi,  while  malt  extract,  corn 
steep,  and  soy  bean  meal  ^ glucose  were  Intermediate  fo*  the  greatest  number 
of  fungi.  These  data  (with  controls)  show  that  thiamin  is  necessary  for  most 
of  the  fungi  used,  and  suggest  that  it  is  the  only  essential  vitamin.  It  alse 
is  dear  that  certain  of  the  "natural"  or  artificial  nutrient  mixtures  are  not 
in  general  as  good  "balanced"  diets  as  others, 

4*  In  general,  as  a result  of  the  metabolism  of  the  fungi  in  shake  culture, 
there  is  an  increase  in  acidity  of  the  medium.  Often  this  is  quite  marked; 
a pH  of  around  2 is  frequently  attained,  particularly  in  the  media  containing 
added  sugar.  The  lowest  pH  values  reached  were  not  uniformly  characteristic 
of  any  particular  species  of  organisms  or  kind  of  nutrient, 

5.  The  rvief  exception  to  the  generalization  that  aoid  is  produced  in  shake 
culture  is,  as  one  might  expect,  the  peptone  medium.  This  is  the  only  nutrient 
medium  which  does  not  contain  sugar.  The  final  pH  in  this  medium  is  alkaline 
in  the  case  of  about  half  of  the  species  of  fungi  used,  and  only  slightly  acid 
with  the  remainder.  Presumably  this  results  from  the  production  of  ammonia, 

4,  The  size  of  the  pellets  of  growth  appears,  in  general,  to  be:  more 
closely  correlated  with  the 'type  of  nutrient  than  with  the  species  of  organism. 

For  example,  pellets  of  growth  in  malt  extract  were  invariably  small  for  all 
species  of  fungi.  In  corn  steep,  a good  majority  of  the  32  species  fermsd 
small  pellets,  although  a few  produced  pellets  of  nedl-u.  In  the  6 other 

nutrients,  the  pellet  size  was  small  for  about  half  of  the  fungi,  and  larger 
with  the  remainder.  There  was  little  tendency,  however,  for  a given  species 
to  produce  the  same  size  of  pellet  in  different  media, 

7,  Although  the  fora  in  which  the  nitrogen  occurs  is  not  known  for  all  of  the 


media  used,  it  is  clear  from  the  results  with  casein  hydrolysate  that  the  fungi 
cau  utilize  If  a fniun  at  least,  as  Simula  ns  amino  noids  a.nd/ou  rolvompM/V 


I 
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PRELIMINARY  EXHRHCNTC  ON  GROWTH  ZN  SYNTHETIC  CULTURE  MEDIA 

This  section  deals  with  orientation  experiment#  on  tha  development 
of  synthetic,  l.o. , chemically-defined,  media  for  growth  of  tha  wood  rota. 
Definition  of  tha  nutritional  requirements  of  thaae  fungi  in  tarns  of 
known  ehoaioal  compounds,  and  particularly  their  nitrogen  and  vitamin 
requirements,  is  basic  to  an  understanding  of  their  activities  in  attack- 
ing wood,  and  to  a study  of  other  aspects  of  their  physiology.  Tha 
general  approach  in  this  work  has  bean  that  of  trying  progressively 
simpler  nitrogen  oonpounds,  together  with  various  nutrllltes.  All  of  this 
work  was  done  using  shake  cultures  as  described  in  the  section  above  and, 
for  the  reason  previously  explained,  all  data  are  third-subculture 
observations. 

In  the  development  of  the  synthetic  aedia,  only  two  representative 
wood  rots  were  studied  in  detail:  Polvnorus  paluetrls.  a brown  rot,  and 

Polyporus  tallpiferufl . a white  rot.  Hie  amount  of  growth  produoed  after 
7 days,  with  our  standard  rinks  culture  technique,  was  used  as  a measure 
of  the  nutritive  value  of  the  synthetic  media.  Since  the  naxlnua  amount 
of  growth  is  not  necessarily  attained  within  the  7-day  period,  we  are 
actually  basing  our  comparisons  on  rates  of  growth.  Measurement  of  the 
amount  of  7-day-cld  growth  In  the  various  aedia  has  bean  quantitative 
throughout,  using,  in  each  case,  the  oven-dry  weight  of  mycelial  pellets 
produced  in  our  standard  shake  flask  with  70  ml.  of  medium.  This  weight 
is  expressed  as  the  percentage  of  the  oven-dry  mycelial  reight  formed  by 
the  ease  organism  in  \%  malt  extract  medium,  which  is  a non- synthetic 
nutrient,  (’•’he  even-dry  weight  of  mycelial  pelle-r  obtained  after  7 days 
in  our  standard  shake  culture  averaged  0.1027  gr..  for  P„  paluetris.  and 
0.0694  g».  for  P.  tvllnlferup . with  a standard  error  of  Ibe 

amount  of  growth  obtained  in  1$  malt  extract  (total  nitrogen  - 0.00450 


j 
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It  used  merely  as  a datum  point  for  comparing  the  synthstio  media  mm 

Sfrlltlni.flP  ttt  tWlTSltfi\  frill  (0.012$).  Growth  in  3$ 

■alt  extract  (total  nitrogen  e 0.012$)  la  too  gu— y to  bo  asperated  fro® 
the  Bedlam  for  accurate  weighing. 

For  ooaparlng  synthstio  media,  a basal  medium  of  glueoee  (sterilised 
separately)  and  lnorganlo  salts  eas  used  in  every  ease  (Table  1).  To 
this  basal  medium  the  other  constituents  (nitrogen  sources  and  mxtrllltes) 
were  added,  thiamin  being  sterilised  separately.  The  inorganic  salt  nix- 
ture  was  arrived  at  empirically,  and  while  satisfactory  for  the  tine  being, 
is  not  neoesaarily  optinal  in  all  respects. 

Because  of  the  relatively  good  growth  of  all  of  the  wood  rots  in  the 
casein  hydrolysate  aedlun  (see  preceding  section),  this  nitrogen  eouroe 
was  used  as  the  starting  point  in  developing  purely  synthetic  nutrient 
mixtures.  (Actually,  casein  hydrolysate  is  a seal-synthetic  aedlun,  be- 
cause the  mixture  of  amino  acids  is  not  dearly  defined,  but  it  serves  as 
a good  basis  for  further  work.)  Starting  with  casein  hydrolysate,  a 
number  of  other  organic  and  inorganic  nitrogen  sources  have  been  tested, 
with  various  nutrilltes— vitamins,  and  purine  and  pyrimidine  bases — in 
numerous  combinations. 

The  complete  list  of  nitrogen  sources  so  far  investigated  is  as 
follows:  casein  hydrolysate  ("vitamin-free?  General  Biocbewicals) , urea, 
sodium  glutamate,  l(/)-arginine  (monohydrochloride),  1-eaparagine , 
l(/)-cy*teine  (hydrochloride),  l(/)-hlstldlne  (mcnohydrochlorido) , 
dl-methionlne , dl -ornithine  (hydrochloride),  dl-serine,  dl- valine.  These 

nltrcggR  ynarcag  yrra.qlmg  Added,  to-tba-fral  iredlMi  k u 

total  nitrogen  of  0.012$.  The  nutrilltes  (vitamins,  purine  and  pyrimidine 
bases)  used  in  various  combinations  were:  vitamins— thiamin  (hydrochloride), 

biotin,  pyridoxins  (hydrochloride),  1-inosltol,  calcium  pantbothenate, 


riboflavin,  niacin  (nicotinic  acid),  folic  acid  (pteroylglutamic  acid), 
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choline (chloride) j purine  bases — guanine  (hydrochloride),  adenine  (sulfate) 
xanthine)  tm»im<d<ne  bases — uracil.  These  nutrilites  sere  used,  for  the 
tins  being,  in  the  following  tore  or  less  arbitrary,  but  excess,  concen- 
trations t thiamin,  riboflavin,  niacin,  calcium  pantothenate  and  pyridoxlne 
1 gamma  per  of  medium)  choline  and  inositol  — 2 gammas  per  of 
medium)  guanine,  adenine  and  uracil  — 13  mg  per  liter  of  medium)  xanthine 

20  mg.  per  liter  of  medium)  biotin  and  folic  acid  — 2 gammas  per  liter 

< 

of  medium. 

All  media  mere  adjusted  so  as  to  give,  after  sterilisation,  a pH  of 
about  5. 5,  which  we  have  found  to  be  the  approximately  optima  pH  for 
the  growth  of  the  organisms  used.  No  attempt  was  made  to  buffer  the 
medium.  Reference  in  the  tables  to  "any11  or  to  "all”  vitamins  or  other 
nutrllites  means,  of  course,  those  listed  above. 


44 


( 


Table  4 is  a very  condensed  summary  of  typical  average  results  of 
third-subculture  observations  on  P«  palustrie  in  synthetio  media  containing 
the  several  nitrogen  sources  tested  with  various  combinations  of  nutriiites. 

The  standard  error  of  duplicates  varied  between  0.4  and  6,4$,  averaging  / 3,2$. 

In  Table  5 similar  data  are  given  for  P.  tulipiferus.  Beoauso  the  over-all 
data  are  as  yet  incomplete , the  summary  must  necessarily  apply  only  to  the 
results  so  far  obtained. 

The  main  points  to  date  regarding  the  nutrition  of  P.  palustrie  end 
P.  tulipiferus  may  bs  briefly  summarised  from  Tables  4 and  5 « follows: 

1.  Neither  of  these  fungi  will  grow  in  the  complete  absence  of  added 
nutrilitee  in  any  of  the  nitrogen  sources  tried. 

2.  Continued  growth  in  subculture  of  either  organism  is  obtained  in  any  of  tha 
nitrogen  sources  except  sodium  nitrate,  in  the  presence  of  thiamin  or  biotin. 

3.  Apparently  thiamin  and  biotin  are  qualitatively  interchangeable  in  tho 
nutrition  of  either  of  these  fungi. 

4.  Growth  is  considerably  greater  with  thiamin  alone  than  with  biotin  alone, 
when  the  vitamin  is  present  in  excess. 

5.  Growth  in  any  or  all  nutriiites  other  than  thiamin  or  biotin  is  very 
meager  and  is  not  long-continued  in  subculture. 

6.  The  use  of  certain  other  nutriiites  added  to  thiamin  or  biotin  often 
stimulates  growth,  which  in  some  cases  is  strikingly  in  excess  of  that  obtained 
using  the  same  other  nutriiites  alone . ; or  thiamin  or  biotin  alone.  The  effect 

of  purine  or  pyrimidine  bases  plus  thiamin  is  especially  noteworthy  in  this  regard 

7,  For  maximal  growth,  other  nutriiites  are  needed  with  thiamin  or  biotin) 
continue^  growth  — although  smaller  in  amount  — is  obtained  with  either  of 
the  latter  alone. 

8.  No  nutrilite  other  than  thiamin  or  biotin  appears  to  be  essential  for 
continued  growth,  and  no  other  can  replace  thiamin  or  biotin. 


TABLB  4 

GROWTH  OP  P.  PALUSTRIS  IN  SZNTHETIC  MDIk 
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Basal  medium  plus  nitrogen  sources  and  nutrllltes  as  Indicated.  Seven- 
day  shake  cultures,  third  transfer.  Growth  (dry  weight)  expressed  as  per- 
centage of  that  obtained  in  salt  extract. 
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only 

plus 

plus 

any  cthor 

inositol 

vitamin 

or  folio 

* 

sold 

or  folic 

add 

| 

s. 

a 

is 

X 

a 

| 

X 

a 

•r4 

. % 

X 

a 

r-i 

% 

r-t 

to 

3 

1 

=5. 

3 

£ 

I 

O 

•d 

M 

1 

I 

O 

l 

l 

a 

t 

M 

s 

£ 

3 

1 

Pttr°K9a  goyres 

Casein  hydrolysate 

57 

5.4 

1.3 

45 

5.3 

1.8 

62 

5.4 

1.5 

38 

5.4 

1.9 

Urea 

25 

5.4 

1.8 

20 

5.5 

2.2 

26 

5.5 

1.9 

26 

5.5 

1.8 

Na  glutamate 

75 

5.4 

1.7 

38 

5.4 

2.1 

40 

5.3 

1.9 

(NH4)2C03 

50 

5.5 

1.9 

61 

5.5 

1.6 

60 

5.5 

1.8 

. Na  N03 

0 

5.5 

5.4 

0 

5.5 

5.4 

0 

5.5 

5.4 

Arginine 

60 

5.3 

1.4 

Asparagine 

79 

5.3 

1.8 

Cysteine 

20 

5.2 

2.5 

Histidine 

38 

5.2 

1.7 

kethlcnlne 

20 

5.3 

2.3 

Ornithine 

58 

5.3 

1.9 

Serine 

60 

5.3 

1.9 

Valine 

60 

5.3 

1.7 
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TABLE  4 

OROftH  OF'  P.  PALUSTRIS  IN  STNTHBTIC  tXDXA 


Baaal  medium  plua  nitrogen  sources  and  nutrilitee  as  indicated.  S even-day 
•hake  culturee,  third  tranafar.  Growth  (dry  weight)  expressed  aa  percentage  of 
that  obtainod  in  1%  aalt  extract. 


lutrillte 


Thiamin 

and 

biotin 

plua 

any  other 
ritamin 

ms& 

inositol, 
folic  acid, 
or  oholine 


Thiamin 

plua 

all  other 
ritamlna 
asasi 

inositol, 
folio  acid, 
or  choline 


ABX  or  all 
ritamlna 

ggStPS 

thiamin 

and 

biotin 


' Thiamin 
plua 

any  purim 
or  pyrimi- 
dine base 


( i 


• 

x 

mat 

rH 

o 

* 

M 

3 

ffltrpgpn  S9VT99 

Casein  hydrolysate 

66 

5.5 

1.6 

Urea 

26 

5.5 

1.8 

Na  glutamate 

(M4)2co3 

Na  N03 

Arginine 

Asparagine 

Cysteine 

Histidine 

Methionine 

Ornithine 


x 

si 

a 

■a 

X 

x a 

jC  H 

a 

£ 

H. 

•a 

SL 

1 

d 

is  3 

d 

1 

rH 

E 

t 

5 

g i 

g 

3 

5 

u 

M 

O M 

O 

M 

70 

5.4 

1.6 

6 5.5 

5.0 

89 

5.4 

1.7 

30 

5.4 

1.8 

12  5.5 

5.2 

40 

5.3 

1.9 

61 

5.5 

1.8 

0 5.5  5.5  83  5.3  1.7 

0 

5.4 

5.4 

0 5.5  5.5 

Serine 

Valine 


r 
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TABU  4 (COOT.) 

GROFTH  CT  P.  PALOS  IRIS  Hi  STHTHBTIC  MEDIA 


Basal  medium  plus  nitrogen  acurces  sad  nutrilitss  sa  indioated.  Seven-day 
•hake  cultures,  third  transfer,  Growth  (dry  weight)  expressed  as  percentage  of  , 
that  obtained  la  15.  salt  extract. 


Thiamin 

plus 

lU  other 
vitamins 

Ifid  111 

bases 


Nutrllite 


|AZ  or 
all  bases 

only 


U 

nutrllite* 


C 


lUfscsa  Ssucsft 

Care in  hydrolj 
Urea 

Ha  glutamate 

(NH  ) CO 
42  ^ 

NaN03 

Arginine 

Asparagine 

Cysteine 

Histidine 

Methionine 

Ornithine 

Serine 


cs 

rv 

03 

ft 

Mi 

r| 

% 

VI 

Me 

H 

M 

a 

JO 

3 

• 

JS 

A ■* 

3 

X] 

a 

s 

3 

l 

3 

S 

•n 

& 

a 

$ 

u* 

l 

92 

5.5 

1.6 

8 

5.4 

2.6 

0 

43 

5.5 

1.7 

0 

5.4 

5.4 

0 

96 

5.4 

1.4 

0 

0 

5.4 

5.4 

0 

Valine 


43 


• Y"  ,*<••* 

( TABU  5 

QRO  TH  Of  P.  TOLIFinRtB  IN  SINTHETIC  MEDIA 


Basal  medium  plus  nitrogen  sources  and  nutr llites  as  indicated.  Seroa-dey 
shake  cultures,  third  transfer.  Growth  (dry  weight)  expressed  as  percentage 
of  that  obtained  in  1%  wait  extract. 


Hutrilite 


( 


• 

Thiamin 

only 

Biotin 

only 

Thl&nln 

plus 

epv  other 
vitamin 
expect 
inositol 

Thiamin 

plus 

inositol 

• 

w 

J3 

w 

o- 

H 

3 

♦> 

03 

a. 

1 

w 

JO 

t 

sc 

a. 

3 

4» 

03 

a 

VI 

1 

% 

a * 

s a 

% 

Vl  W 

Z 3 J 

a 

3 

-S 

u, 

o 

A 

u. 

s 

3 2 

a 3 

Nitrogen  Source 

Casein  hydrolysate 

48 

5.4 

2.7 

25 

5.5 

3.8 

51 

5.4  4.5 

36  5.4  3.2 

Urea 

13 

5.4 

4.1 

6 

5.5 

4.0 

U 

5.5  4.3 

14  5.4  4.3 

Na  glutamate 

60 

5.4 

4.8 

20 

5.4 

4.1 

60 

5.3  4.2 

(NH.)  CO 
4 2 3 

40 

5.5 

4.4 

30 

5.3 

4.5 

42 

5.5  4.6 

8a  NO 
3 

0 

5.5 

5.5 

0 

5.5 

5.5 

0 

5.5  5.4 

Arginine 

40 

5.3 

CO 

. 

Asparagine 

40 

5.2 

4.9 

Cysteine 

20 

5.2 

3.4 

* 

Histidine 

30 

5.3 

3.9 

Methionine 

30 

5.3 

4.0 

Ornithine  40  5.3  5.0 

> Serine  40  5.3  4.5 

60  5,3  4.1 


Valine 
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TABLE  5 (cart.) 

GROWTH  OF  P.  TULIP UTOOB  D?  STNTHETIC  MEDIA 


Basal  nedium  plus  nitrogen  sources  and  nutrllitas  as  indicated,  Seven-day 
shaka  oulturee,  third  transfer.  Growth  (dry  weight)  expressed  as  percentage 
of  that  obtained  In  lit  aalt  extract. 


Nutrilite 


Bl&gEffl  SfiUESi 
Casein  hydrolj 

Urea 

Na  glutamate 

(NH  ) CO- 
4 2 3 

Na  H03 

Arginine 

Asparagine 

Cysteine 

Histidine 

Methionlno 

Ornithine 

Serine 


Thiamin 

biotin 

plus 

IBX  other 
vitamin 
except 


Thdialn 

plus 

iil  other 
vitamins 


Inositol, 
folio  acid, 


IfiZ  or  ail 
vitamins 
exoeot 
thiamin 
and 
biotin 


Thiamin 

plus 

any  purine 
or  pyrimi- 
dine base 


Inositol, 
folio  said, 
or  choline 

or 

choline 

K 

* 

a' 

1 

sc 

X 

wt 

o.  sc 

Q* 

•V 

at 

(X 

sc 

jo  *3 

IS  2 

Q* 

3 

XX 

3 *3 

JS  5 

1 

3 

s 

4, 

M 

% 

a 

4* 

•H 

p. 

£ # 

Cm 

.5  * 

Cm 

u 

o 

Cm 

54  5.5 

4.3 

62 

5.4  3.8 

10 

5.4 

3.6 

81 

5.4 

4.4 

16  5.5 

4.1 

22 

5.5  3.9 

6 

5.5 

3.9 

38 

5.3 

4.2 

44 

5.5  4.2 

0 

5.5 

5.5 

68 

5.5 

CO 

» 

>* 

0 

5.4  5.4 

0 

5.5 

5.5 

Valine 


table;  (cont). 

OROBTH  cr  P.  TULIP IPSUB  » SYNTHETIC  1BDIA 


5C 


Basal  sodium  plus  aitro(«n  bo uroea  and  nutrilltM  as  indloated.  Screo-day 
ahaka  cultures,  third  t ran afar,  Qrowtlr  (dry  weight)  expressed  aa  paroahtaga  of 
that  obtained  in  1$  salt  artraot. 


Nutrilite 


Thlaain 

plua 

all  othar 
ritaaina 

•fid  ftU 
bases 

exoapt 
inositol, 
folia  acid 
or  ohollne 


Anr  or 
all  baaes 
only 


& 

nutrilites 


PlfrOttfi  SfflffSB 

Casein  hydrolysate 

91  5.5 

Urea 

42  5.5 

Na  glutaaate 

(NH  ) CO 

73  5.4 

4 2; 

NaNO 

3 

0 5.4 

Arginine 

Asparagine 

Cysteine 

Histidine 

Methionine 

Ornithine 

*SL 

JC 

t 

a 

o. 

a 

03 

o. 

3 

fi 

£ 

3 

o 

6 

■H 

5 

a 

a. 

1 

5.4 

8 

5.4  5.0 

0 

3.9 

0 

5.5  5.5 

0 

4.5 

0 

5.4 

0 

Serine 


Valine 


9*  The  combination  of  folio  told  and/or  inositol  with  thiamin 
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appears  to  have  sons  inhibitory  effect  on  growth. 

10.  The  amount  of  growth  obtained  from  P.  pal us trie  is  fairly 
consistently  greater  than  that  from  P.  tullniferus.  under  the  same 
conditions. 

11.  P.  palustrls  consistently  produces  a lower  pH  than  docs  P. 
tullniferus. 

12.  In  general,  and  except  for  urea,  organic  nitrogen  sources  result 
in  better  growth  than  inorganic  nitrogen  compounds. 

13.  The  data  so  far  indicate  that  these  organisms  cannot  reduce 
nitrate  nitrogen  to  amino  nitrogen,  but  can  use  ■—  on  la  nitrogen  for 
protein  synthesis. 

14.  The  organisms  produced  about  one-half  as  much  growth  In  the  urea 
as  in  the  ammonium  carbonate.  This  suggests  that  possibly  only  one  of 
the  amino  nitrogens  of  the  urea  can  be  utilised  by  the  organisms;  or  it 
may  be  due  to  the  known  toxic  effect  of  urea;  or  it  may  be  due  to  the 
higher  carbon  dioxide  of  the  ammonium  carbonate. 

15.  The  greatest  amount  of  growth  (and  lowest  pH)  was  obtained  with 
P.  palustrls  in  ammonium  carbonate  plus  all  vitamins  and  nitrogen  bases. 
(Table  4)*  This  suggests  that  a high  carbon  dioxide  tension  or  a higher 
available  carbon  content  is  helpful,  as  the  carbonate  was  probably  mostly 
oarbon  dioxide  at  the  p H Of  1.4  which  was  attained. 

16.  Of  the  single  amino  aoids  used  as  nitrogen  souroes,  the  least 
growth  is  obtained  with  cysteine  or  methionine.  It  may  or  may  not  be 
significant  that  these  are  the  only  sul fur- containing  amino  acide  of  these 
tried. 

The  effect  of  different  concentrations  of  nutrilites  in  synthetic 
media  was  explored  somewhat  before  selecting  the  arbitrary  but  excess 
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amounts  actually  via  ad.  Tho  concentration*  of  nutrilites  used  in  Tables  4 

( ) 

and  $ represent  roughly  the  "optimum"  levels  for  maximum  growth  of 
P.  palustris  and  P.  tuliplferus  in  casein  hydrolysate  aediua.  They  were 
determined  by  using  a range  of  concentration  and  selecting  the  concentration 
giving  the  greatest  anount  of  growth*  In  some  cases  even  a two-fold 
change  in  nutrilite  concentration  resulted  in  a marked  difference  in 
growth;  in  other  cases  the  difference  was  not  measurable.  For  example, 
increasing  the  concentration  of  biotin  from  1 gamma  to  4 gammas  per  liter 
slightly  increased  the  growth  of  P*  palustris.  but  more  than  out  in  half 
the  growth  of  P*  tuliplferus.  Vith  thiamin,  a decrease  from  1 gamma  to 
0.5  gamma  per  ml.  had  no  effect  on  P.  palustris.  but  cut  in  half  the 
growth  of  P.  tuliplferus.  Further  quantitative  study  of  nutrilltes  will 
be  found  in  a later  section. 

/ 

V 


(j 
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EFFECT  OF  CONTINUED  SERIAL  SUBCULTURE 

Upon  the  first  subculture  of  an  organise  from  one  medium  to  another 
ofr  <^fft>rent  composition,  some  growth  often  occurs  even  if  the  new 
nediun  laoks  essential  nutrients.  This  has  been  oalled  "growth  mo men tun, " 
and  is  due  to  the  carry-over  by  the  organism  (Inoculum)  of  small  amounts 
of  essential  nutritive  substanoes.  Thus  growth  in  the  first  subculture 
should  never  be  taken  as  an  indication  of  the  nutritional  adequacy  of 
the  new  nediun.  Similarly,  one  sonetines  obtains  growth  in  the  seoond 
subculture,  i.e.,  the  first  transfer  from  the  new  nediun  into  another 
portion  of  the  sane  nediun.  Less  often  does  the  carry-over  of  nutrients 
extend  into  the  third  subculture,  hence  it  is  generally  considered  safe 
to  base  observations  of  growth  in  the  new  mediun  on  the  third  subculture. 

To  determine  the  necessity  for  successive  serial  subculture  before 
drawing  conclusions  regarding  growth  in  a new  medium,  typical  quantitative 
observations  for  8 such  transfers  are  illustrated  in  Table  6.  In  each 
case  the  original  inoculum  was  that  grown  in  1%  malt  extract  medium. 
"Subculture  #1"  refers  to  the  growth,  obtained  in  the  designated  synthetic 
media,  which  resulted  from  the  original  inoculum.  "Subculture  #2"  is 
the  growth,  in  the  designated  media,  whioh  resulted  from  vising  as  an 
inoculum  a portion  of  the  growth  in  "subculture  #1";  and  so  on. 

The  data  in  Table  6 demonstrate  the  necessity  for  using  at  least 
third-subculture  observations  as  the  basis  for  drawing  quantitative 
conclusions  regarding  growth  even  in  a nutritionally-adequate  medium. 

The  amount  of  growth  is  greatest  in  the  first  subculture  (because  of 
"growth  momentum")}  it  decreases  from  the  first  to  about  the  third 
transfer,  then  levels  off  snd  continuss  approximately  constant  "indefinitely!? 
(In  a nutritionally- inadequate  medium,  growth  would  decrease,  then  stop). 


EFFECT  CF  CONTINUED  SUBCULTURE  IN  SYNTHETIC  MEDIA 


Growth  (dry  weight)  expressed  as  percentage  of  that-  obtained  in  If  salt 
extract.  Original  inoculum  was  growth  from  malt  extract. 


Cafloin  hydrolysate 


Urea  as 


Nutrilite  | Sub- 


paluo  trie- 


culture  J %,  growth 


ribof  laviji  3 
cclej.ua  j 
panto-  | 4 

thenate,  | 
pyr  id  o x lii  is  5 


P.  tuiipiferuB— 
% growth 

P.  paluatris— 
$ growth 

70 

32 

55 

28 

4a 

25 

44 

24 

47 

20 

47 

22 

47 

22 

47 

22 

35 

22 

28 

20 

25 

20' 

26 

20 

24 

18 

21 

16 

20 

15 

20 

75 

35 

65 

32 

62 

30 

62 

28 

62 

25 

60 

25 

60 

25 

OPTIMUM  pH  FOR  GROWTH  OF  WOOD  ROTS 
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The  approximately  optimum  pH  for  the  growth  of  4 2 species  of  wood 
rots  was  determined  in  shake  culture  in  the  ha sal  mediae  plus  glutamic 
acid,  as  indicated  by  the  amount  of  ayoelium  produced  in,  usually,  7 
days.  The  initial  pH  mas  marled  from  3.5  to  6.0,  in  steps  of  0.5  pH, 
for  each  organism.  The  results  are  shown  in  Table  7. 

It  can  be  seen  from  this  table  that  while  all  organisms  giro  good 
growth  at  the  "standard"  pH  of  5.5,  which  has  been  used  for  most  ef  the 
work  on  nutrition,  a few  species  hawe  an  optimum  as  low  or  lower  than 
3.5.  This  means  that  the  quantitatire  data  in  Tables  10  and  11,  below, 
are  strictly  comparable  only  at  the  pH  (5.0  - 5.5)  used,  not  at  the 
optimum  pH. 

( 
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OPTZMDM  pH  pot  worn  or  WOOD  hots  in  brake  CULTURE  AT  28°C.,  aid  growth 
AT  OPTMOK  pH  COMPARED  WI1H  THAT  AT  pH  5.5  (STAID AID) 

Based  oo  dry  wel^it  of  ayoeliun  produced  In  70  ml.  of  basal  nadiun  (Table  1) 
pins  glut— do  cold  (to  0.0121  nitrogen),  with  initial  pH  adjusted  to  apprcodnately 
3.5,  4.0,  4*5,  5*0,  5*5  and  6.0,  respectively.  Standard  inoculum  need.  Data  are 
for  at  least  duplicate,  7-day,  third-transfer  cultures  unlees  otherwise  indicated. 
Growth  at  optimum  pH  expressed  as  percentage  of  that  at  standard  pH  5.5  (median 
not  adjusted).  A 4 or  •»  after  the  cptlaam  pH  figures  indioates  whether  the  next 
greatest  snount  of  growth  was  obtained  at  a acre  alkaline  (4)  or  a wore  acid  (-) 
pH  than  the  value  given. 


Qrsanisa 

Optimum 

pH 

(i  0.5  PR  1 

A 

Mat  weight, 
optimum 
pH 

B 

Mat 

weight, 
pH  5.5 

|*100 

Brown  rote  - 

■f. 

w. 

% 

Poria  inoraaaata 

6.0* 

52.1° 

44.6° 

117 

Poria  aootioola 

5.5- 

87.6 

87.6 

100 

Polyporue  paluetria 

5.5- 

91.3 

91.3 

100 

Lentlnua  lspideua 

3.5  ♦ 

67.8* 

10.5° 

646 

Panes  subroseus 

4.5- 

80.1 

72.0 

111 

Lsnaltes  trebea 

4.04 

90.6 

85.0 

107 

Poena  roeeue 

3.5  * 

61.2° 

42.6° 

144 

Pones  nallae 

5.5- 

96.0 

96.0 

IX 

Pones  officinalis  ** 

4.5+ 

67.8° 

62.5° 

109 

Poria  xantha 

5.5- 

54.7 

54.7 

100 

Poria  oooos 

4.5+ 

20.1 

10.2 

196 

Poria  nigra 

5. Of 

152.9 

140.2 

109 

Poria  vaillantli  ** 

5.0- 

99.6° 

92.4° 

IX 

Polyporue  spraguei 

5.0- 

39.2 

27.3 

144 

Polyporus  betulxnus 

4.5+ 

87.6 

82.0 

107 

Polyporue  isnitus 

5.0- 

42.8*° 

36.2°° 

118 

Trams  tea  malic  ola 

3.5  * 

68.7 

42.3 

162 

* End  of  pH-ssriss  usod,  hence  direction  of  true 
optimum  pH  not  known. 

**  Grown  in  l£  malt  extract. 

° 14-day  culture. 

°°  24-day  culture. 


(continued  en  next  page) 
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TABLE  7 (CONCLUDED) 

A B 


&S&SL& 

Optimum 

pU 

H 0,5  m) 

Mat  weight 
optimum 
pH 

Mat 

weight 
bH  5.5 

| x 100 

Brown  rota  (ocnt.)  - 

**# 

1 

Polyporua  schwa ini tail 

5. Of 

56.4° 

40.1° 

141 

Lens 1 tea  saepiarla 

5.0- 

22.4 

20.1 

112 

Trametes  serialis 

4.5- 

72.4 

65.3 

111 

Hydmm  pulcherriaum 

5. Of 

32.1° 

29.8° 

108 

Ptychog&ster  rubeseena 

4.0- 

107.3 

63.9 

168 

Daedalea  quercina 

4.0- 

‘40.2 

20.2 

200 

Poria  oleraceae 

5.0- 

90.5 

42.6 

212 

Poria  luteofibrata 

5.0f 

30.2°° 

28.2°° 

107 

Merulius  laorjmana 

4.5- 

24.2 

18-7 

130 

Polyporua  aulphureua 

5.5* 

49.6°® 

49.6°® 

108 

Lenaites  striata 

5.H 

33.8 

31.6 

187 

Ooniophora  oerebella 

4.0- 

42.7 

24.6 

174 

Vhlte  rota  - 

Polyporua  tulipiferua 

5.5- 

87.2 

87.2 

100 

Polyporua  ancepa 

5. Of 

53.8 

52.7 

102 

Araillaria  aallea 

4.5+ 

26.4° 

16.4° 

161 

Peniophora  gigantea 

5.5- 

98.2 

98.2 

108 

Poria  aubaclda 

3.5  * 

82.6° 

58.2° 

142 

Poises  foment  ariua 

5.0+ 

5.9 

2.6 

226 

Polyporua  versicolor 

5.5± 

98.2 

98.2 

100 

Pomes  annoaus 

5.5+ 

63.2° 

63.2° 

100 

Lentlnua  tigrinus 

5.5+ 

98.3 

98.3 

180 

Pomes  geotropua 

5.0- 

55.3 

50.2 

no 

Polyporua  abletinus 

5.5- 

29.2 

29.2 

100 

Pcmea  pint 

5.H 

34.7 

32.4 

107 

Polyporua  fuaosua 

4.5+ 

21.3 

15.3 

139 

* End  of  pH-series  us  ad,  henca  direction  of  true 
optimum  pH  not  known. 

0 14-day  culture. 

°°  24-day  culture. 
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The  increase  in  cell  substance  with  time,  expressed  as  dry  weight 
of  mycelial  pellets  per  70  ml.  of  culture  medium,  has  been  determined 
for  42  of  the  fungi  in  two  media  — malt  extract  (156),  and  the  synthetic 
medium  (Table  1)  with  L-glutamic  acid  (nitrogen  level  0.01256)  plus 
thiamine.  All  work  was  done  in  standard  shake  culture  at  28°C.,  and 
growth  was  allowed  to  continue  until  a maximum  was  reached.  Determina- 
tions of  growth  and  of  pH  were  made  every  two  days,  the  whole  contents 
of  duplicate  flasks  being  used  at  each  sampling  period.  The  results 
give  a picture  of  the  relative  rates  and  amounts  of  growth  and  acid 
production  for  different  organisms  in  the  two  media.  Table  8 summarizes 
a portion  of  the  data  for  1%  malt  extract,  and  compares  the  mycelial 
weights  in  7 days  (our  standard  growth  time  for  nutritional  studies) 
with  the  -maximum  growth  attained  and  the  time  required  to  reach  this 
maximum,  also,  the  maximum  and  the  terminal  (at  point  of  maximum  growth) 
acidities  attained,  expressed  as  pH,  are  shown  for  their  respective  time 
periods.  Table  9 summarizes  similar  data  for  L-glutamlc  acid  as  the 
nitrogen  source. 

! 
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TABLE 

8 

COMPARISON  OF  SSVEN-DAT  GROW  TH  AND  .lAIIUOM  GROWTH 

IN  MALT  EXTRACT 

1 

Growth  given  as  ailligraae  of  dry  weight  of  nycaliua  per  70  si*  of  aediua, 
averages  of  duplicate  flacks.  «>»•** in&l*  **idity  Beans  that  at  the  tiae  of 
■aaiaua  mycelial  weight. 

Ortftniaa 

Seven-day 

ayoelial 

weisht 

ayoelial 
weight 

Maxiaun 

aol41ty 

Terainal 
acidity 

Brown  rota  - 

«S* 

days 

pH 

days 

pH 

days 

Porla  inorassata 

80 

93 

12 

3.00 

6 

3.29 

12 

Poria  nonticola 

116 

131 

12 

2.06 

6 

3.03 

12 

Polyporus  palustris 

no 

114 

8 

1.65 

12 

1.75 

8 

Lontinus  lepideus 

66 

80 

18 

1.55 

20 

1.59 

18 

Foaos  subroseus 

99 

104 

10 

4.05 

10 

4.06 

10 

Lenzltoe  trabea 

54 

71 

U 

3.45 

20 

3.75 

14 

( 

Foaos  roeeus 

106 

U6 

10 

2.28 

14 

2.30 

10 

Foaes  weliae 

126 

125 

8 

2.15 

20 

2.32 

8 

Foaes  officinalis 

63 

71 

U 

2.26 

14 

2.26 

14 

Poria  xantha 

72 

90 

12 

3.50 

10 

3.51 

12 

Poria  oocos 

48 

74 

16 

2.83 

18 

2.86 

16 

Poria  nigra 

147 

155 

10 

2.27 

16 

3.11 

10 

Poria  vaillantii 

96 

120 

14 

1.75 

18 

1.82 

14 

Polyporus  imitus 

88 

95 

10 

2.50 

8 

2.42 

10 

Poria  oloraceae 

123 

138 

10 

2. 17 

10 

2.17 

10 

Poria  luteofibrata 

12 

43 

40/ 

1.50 

20 

1.50 

40 

Merullus  lacrynans 

30 

59 

40/ 

2.82 

8 

3.50 

40 

Polyporus  sulphurous 

30 

52 

18 

3.00 

20 

3.26 

18 

Leozitos  striata 

65 

86 

12 

3.22 

20 

3.90 

12 

Coniophora  carebella 

79 

132 

16 

2.99 

12 

3.29 

16 

Tra motes  nallcola 

65 

70 

8 

1.65 

18 

1.90 

8 

1 ° 

/ maximum  growth  not  yet  reached. 

60 


TABU  6 (CONTINUED) 


COMPARISON  OP  SEVEN-DAY  GROWTH  AND  IIAXIMUM  GROWTH  IN  MALT  EXTRACT 

Growth  given  a«  milligrams  of  dry  weight  of  myoeliua  per  70  ml.  of  medium, 
avergea  of  duplicate  flacks.  “Terminal"  acidity  means  that  at  the  time  of 
aari  mum  mycelial  weight* 

Seven-day  Maximum 

mjoelial  mycelial  Maximum  Terminal 

Organism  weight  weight  *9  


Brown  rots  (con't)- 

Polyporus  spraguei 

11$ 

132 

Polyporus  betulinua 

SO 

91 

Polyporua  schweinitiii 

57 

75 

Lonaites  saepiaria 

83 

94 

Tranetas  serial la 

221 

240 

Hydnum  pul chorr imam 

82 

92 

Ptychogaster  rubescens 

89 

102 

Daedal ea  quercina 

113 

126 

White  rota  - 

Polyporus  tullpiferua 

130 

137 

Polyporus  anceps 

102 

1 14 

Peniophora  gigantea 

97 

117 

Porla  subacida 

97 

115 

Pomes  annosus 

94 

122 

Lentinus  tigrinua 

100 

ia 

Fomas  fomentarius 

71 

85 

Polyporus  versicolor 

118 

151 

Fomas  geotropus 

123 

161 

Polyporvo  abietinus 

153 

277 

Pomes  pinl 

60 

92 

Polyporua  fumosus 

64 

84 

Aral liar i a me Ilea 

11 

22 

/ maximum  growth  not  yet  reached* 

days 

pH 

days 

pH 

days 

10 

3.03 

12 

3.05 

10 

12 

2.40 

16 

2.49 

12 

16 

4.15 

20 

4.17 

16 

10 

4.30 

12 

4.37 

10 

10 

4.51 

10 

4.51 

10 

14 

2.38 

16 

2.46 

14 

14 

3.70 

16 

3.95 

14 

12 

2.01 

14 

2.21 

12 

10 

3.90 

4 

4.45 

10 

8 

2.60 

8 

2.60 

8 

14 

2.76 

18 

2.91 

14 

12 

3.54 

12 

3.54 

12 

20/ 

3.50 

20 

3.50 

20 

14 

4.32 

14 

4.32 

14 

10 

3.47 

8 

4.06 

10 

10 

3.74 

6 

4.14 

10 

12 

4.32 

8 

4.50 

12 

20/ 

3.89 

6 

4.61 

20 

U 

3.95 

12 

3.99 

14 

12 

1.50 

10 

1.50 

12 

20/ 

4.82 

16 

4.90 

20 

tabu:  9 
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COMPARISON  0?  SEVEN -DAT  GROWTH  AND  MAZUKUt  GRD  TH  IN  QLUTAi'IC  ACID 

Growth  given  aw  milligrams  of  dry  weight  of  ayceliua  par  70  al.  of  medium, 
averages  of  duplicate  flasks.  "Terminal'1  acidity  means  that  at  the  tine  of 
oaxiaua  myoolial  weight. 

Seven-day  Maxima 

mycelial  Mycelial  Maxima  Terminal 

gggftPlgg  2 &£& weight gglfllSl  . .ftSl&Sl 


Brows  rots  - 

■8* 

«*• 

days 

pH 

days 

pH 

days 

Ports  inorassata 

40 

72 

14 

4.72 

4 

5.27 

14 

Poria  montioola 

86 

96 

12 

3.20 

12 

3.20 

12 

Polyporus  palustrls 

91 

94 

8 

1.55 

8 

1.55 

8 

Lectinus  lepideus 

20 

23 

20/ 

2.30 

20 

2.30 

20 

Femes  subroseus 

77 

83 

10 

4.00 

10 

4.01 

10 

Lensites  trabea 

93 

104 

U 

3.54 

14 

3.54 

14 

Foaes  roseus 

36 

59 

20/ 

3.48 

18 

3.50 

20 

Pomes  nellae 

106 

112 

8 

2.12 

12 

2.64 

8 

Foaes  officinalie 

3 

31 

20/ 

4.52 

20 

4.52 

20 

Poria  xantha 

36 

84 

12 

3.40 

20 

3.78 

12 

Poria  cocos 

30 

40 

2Q/ 

4.75 

20 

4.75 

20 

Poria  nigra 

U7 

156 

14 

2.30 

14 

2.30 

U 

Poria  vaillantii 

No  growth 

Polyporus  iamitua 

18 

75 

20/ 

2.52 

20/ 

2.52 

20 

Poria  oleraceae 

94 

137 

20/ 

2.03 

20 

2.03 

20 

Poria  lutoofibrata 

5 

36 

40/ 

1.50 

20 

1.50 

40 

Marulius  laoryaans 

8 

71 

40/ 

2.90 

12 

2.95 

40 

Polyporus  sulphurous 

10 

40 

30/ 

5.15 

20 

5.40 

30 

Lensites  striata 

10 

42 

14 

4.20 

12 

4.26 

H 

Coniophora  cere bo 11? 

24 

32 

14 

4.25 

U 

4.25 

14 

Tramotas  malioola 

38 

60 

10 

2.89 

U 

3.21 

10 

/ maxi  bub  growth  not  yet  reached, 


TABLE  9 (CONTINUED) 
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COMPARISON  OF  SEVEN -DAT  GROWTH  AND  MAXIMUM  GROTTO  IN  GLUTAMIC  ACID 

Growth  given  as  milligrams  of  dry  weight  of  mycelium  per  70  ml.  of  medium, 
averages  of  duplioate  flasks.  •Terminal*  acidity  means  that  at  the  time  of 
■wHiwta  mycelial  weight. 


Seven-day  Marl  mum 

mycelial  mycelial  Maximum  Terminal 

Organism  weight  ££*£& . «gmtoL. 


Brown  rota  (con’t)  - 

ag- 

days 

pH 

days 

pH 

days 

Polyporus  spraguel 

32 

46 

16 

3.60 

16 

3.60 

16 

Polyporus  botulinus 

67 

92 

12 

2.17 

14 

2.26 

?2 

Polyporua  sohwoinitsil 

37 

4* 

16 

4*16 

16 

4*16 

16 

Lensites  saepiaria 

20 

33 

14 

3.75 

14 

3.75 

14 

Trane  to s serialis 

71 

125 

18 

4*58 

20 

4*58 

18 

Hydnun  pulcherrimum 

24 

42 

18 

4*90 

18 

4.90 

IB 

Ptyobogaster  rubesoens 

122 

132 

14 

5.03 

12 

5.10 

14 

Daedaloa  quereina 

20 

34 

18 

3.90 

14 

4*96 

18 

White  rota  - 

Polyporua  tuliplferua 

87 

100 

12 

4*10 

8 

4*61 

12 

Polyporua  anoeps 

59 

111 

20/ 

3.29 

20 

3.29 

20 

Poniophora  glgantea 

110 

119 

14 

2i  75 

16 

3.00 

14 

Porla  aubacida 

59 

68 

12 

4*01 

12 

4.01 

12 

Pomes  annoaua 

70 

83 

12 

3.95 

12 

3.95 

12 

Lentinua  tigrimis 

96 

108 

18 

5.40 

16 

5.76 

18 

Fomea  fomentarlua 

5 

40 

20 

5.05 

20 

5.05 

20 

Polyporua  veraicolor 

22 

82 

16 

4*49 

8 

4.80 

16 

Fomea  geotropua 

59 

129 

16 

4.40 

10 

4.99 

16 

Polyoorua  abiotinua 

24 

170 

18 

5.20 

12 

5.49 

18 

» 

Fomea  plni 

27 

54 

20/ 

4*54 

U 

4.63 

20 

Polyporua  fumosua 

18 

37 

16 

1.64 

16 

1.65 

16 

Armillaria  mellea 

15 

33 

20/ 

4*57 

10 

4.90 

20 

C 

/ maximum  growth  not  yet  roached. 


The  following  generalisations  and  comments  may  be  oada  regarding  the  data 
In  Tahlaa  6 and  9* 

1.  Maximum  growth  is  attained  in  8 to  20  / days,  with  an  a re  rage  of 
12.7  days  in  malt  extract,  and  an  are rage  of  15*6  days  in  glutamic  sold  plus 
thiamine,. 

2.  Except  for  Fomas  annosus.  the  rate  of  growth  of  the  fungi  is  greater 
in  uialt  extract  than  in  glutamic  acid  plus  thiamine. 

3.  With  two  exceptions  (Lenaltes  trabaa  and  Ptychogaeter  rubescsns)  the 

TTT<tm^n  0f  growth  attained  is  greater  in  malt  extract  than  in  glutamic  acid 

plus  thiamine. 

4.  Laxlsun  acidity  was  attained  in  from  4 to  20  / days,  with  an  average 
of  14  days  for  the  organisms  in  malt  extract,  and  14.6  days  in  glutamic  acid. 

On  the  average  than,  in  malt  extract  maximum  growth  is  reached  before  maximum 
acidity,  thile  in  glutamic  acid  the  opposite  is  true.  There  ware,  of  course, 
certain  specific  exceptions  to  this  latter  statement. 

5.  Acid  use  Invariably  produced  in  both  media  (original  pH  $.5):  in 
malt  extract  (carbohydrate  about  0.8£,  mostly  maltose),  the  maximum  acidity 
varied  from  pH  1.55  to  4*55 ; in  the  glutamic  acid  medium  (glucose  l£),  from  pH 
1.55  to  5.40. 

6.  The  lowest  pH  (1.5-2.0)  was  reached  by  Polyporus  palustrie  in  the 
malt  extract  and  the  glutamic  acid,  by  Lentinus  lepideus  in  malt  extract,  and 
by  Porla  vaillantil  in  malt  extract.  Very  little  acid  (pH  5 .0-5.5)  was  formed 
by  Ptychogaeter  rube scene  or  Lentinus  tircrinus  in  the  glutamic  acid  medium. 

7.  The  "terminal''  pH  values,  recorded  on  the  day  that  maximum  growth 

was  reached,  show  that  in  general  there  was  a alight  decrease  in  acidity  from  a 
maximum  acidity  previously  reached. 


UTILIZATION  OF  DIFFERENT  FORMS  OF  ORGANIC 
AND  INORGANIC  NITROGEN  IN  SYNTHETIC  MEDIA 
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All  of  this  work  waa  done  in  standard  shake  culture,  using  controlled 
inoculum  size,  p H 5.0  - 5.5*  etc.,  as  described  in  the  section  on  Methods. 
Because  most  of  the  wood  rots  grew  well  in  shake  culture  in  malt 
extract,  a 1$  solution  of  this  material  was  used  as  a "control"  against 
which  growth  in  tho  known  forms  of  nitrogen  could  be  compared.  Growth 
was  determined  quantitatively  in  the  following  nitrogen  sources:  1$ 
malt  extract  (control),  vitamin-free  casein  hydrolysate,  urea, 
ammonium  carbonate,  ammonium  sulfate,  ammonium  nitrate,  ammonium  chloride, 
potassium  nitrate,  potassium  nitrite,  and  23  single  amino  acids  and 
glutamine.  Except  for  the  malt  extract  control,  the  nitrogen  source 
under  test  was  added  to  the  basal  medium  in  Table  1.  All  tests  wore 
run  both  with  and  without  added  thiamine  (1  mg.  per  liter),  exoept 
that  the  malt  extract,  which  contained  a variety  of  vitamins,  waa 
used  "as  is".  With  the  exception  of  two  organisms,  which  will  be 
considered  later,  growth  did  not  take  place  in  tho  absence  of  thiamine, 
and  the  summarised  data  (Tables  10  and  11)  show  only  the  results  with 
thiamine  except  where  otherwise  indicated.  The  total  nitrogen  concen- 
trations in  the  solutions  of  tho  various  nitrogen  sources  were  as 
follows:  1%  malt  extract,  0.004$;  DL-mix tores  of  amino  acids,  0.024$} 
ammonium  nitrate,  0.012$  as  ammonium  nitrogen;  all  others,  0.012$. 

For  convenience,  growth  woi.hts  in  test  nitrogen  compounds  are 
expressed  as  percentages  of  those  obtained  with  the  sarao  organism 
in  the  standard  1$  malt  extract  broth  (control).  Those  weights  are  an 
index  of  the  relative  utilization  of  different  nitrogen  compounds  by  the 
fungi,  but  the  fact  that  syne  growth  is  present  in  the  third  transfer 
does  not  necessarily  mean  that  a given  nitrogen  compound  will  support 
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growth  "Indefinitely"  in  oontlnued  subcilture  in  that  compound.  Unless 
otherwise  indioated  (by  a superscript)  the  data  in  Tables  10  and  11 
refer  to  amounts  of  growth  obtained  In  the  third,  serial,  7-day  sub- 
culture  in  the  test  nutrient  in  question*  The  superscripts  indicate 
the  numbor  of  serial  transfers  to  which  the  data  applies  (see  next 
paragraph). 

For  those  fungi  which,  after  the  third  serial  transfer  in  a test 
nitrogen  source,  produced  less  than  50%  of  the  growth  attained  in  the 
malt  extract  standard,  serial  subcultures  were  continued  (maximum  of 
nine)  until  growth  either  reached  a constant  amount  or  the  organisms 
died  out*  Usually,  three  transfers  were  enough  to  rule  out  the  "carry- 
over" of  nutrients  by  an  organism*  Experiment  also  showed  that  if,  in 
the  third  transfer  in  a given  nitrogen  source,  the  amount  of  growth 
was  more  than  about  50%  of  that  obtained  in  malt  extract,  the  organism 
would  continue  to  grow  "indefinitely"  upon  continued  serial  transfer 
in  that  nutrient.  When  growth  in  the  third  transfer  was  less  than  about 
50%  of  that  in  malt  extract,  it  was  found  that  while  most  organisms 
would  continue  to  grow  in  further  subculture,  some  eventually  died  out. 
Therefore,  although  third-transfer  weights  may  be  used  routinely  (i.e., 
as  a preliminary  screening)  as  an  indication  of  the  relative  ability  of 
a givon  organism  to  utilize  a fcivon  nitrogen  source,  the  third-transfer 
weights  arc  not,  in  all  cases,  adequate  criteria  of  continued  growth 
in  a given  nutrient.  Therefore,  for  oach  third-transfer  weight  which 
was  loss  than  50£  of  tho  growth  in  malt  extract  for  the  same  organism, 
wo  continued  serial  subculture  until  thu  growth  either  reached  a constant 
level  or  the  organism  dies  out.  Another  way  of  indicating  this  preliminary 
criterion  of  the  nutritional  adequacy  of  a nitrogen  source  for  continued 
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growth  is  to  express  it  in  terms  of  the  amount  of  growth  resulting 

from  a given  inoculum.  The  weight  of  our  standard  inoculum  is  0.02-0,03  mg. 
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(for  70  al.  of  culture  medium),  and  the  amount  of  growth  In  7 days 
In  salt  extract  averages  about  100  eg, , whioh  is  a 4000-fold  increase 
in  cell  substance.  By  talcing  50%  of  this  as  the  point  below  which 
continued  growth  in  subculture  may  in  soae  cases  be  questionable , we 
ore  saying  that  when  the  increase  in  growth  is  less  than  2000-fold, 
further  subculture  beyond  three  transfers  is  to  be  carried  out.  The 
aaount  of  "carry-over"  of  nutrients  by  certain  organ is ns  may  be  greater 
than  with  others}  also,  slow-growing  organisms  will  produce  smaller 
amounts  of  growth  in  the  standard  7-day  Incubation  period. 

Table  10  summarises  comparative  data  on  the  growth  of  brown  rots 
and  white  rots  in  a variety  of  organic  and  inorganic  nitrogen  compounds. 
Table  11  contains  data  on  the  same  organisms  in  each  of  23  amino  acids 
and  in  glutamine.  Except  for  malt  extract,  all  nitrogen  compounds  were 
added  to  the  basal  medium  (Table  1). 

The  Sh  readings  mentioned  in  the  heading  of  Tables  10  and  11  are 
referable  to  the  hydrogen  electrode.  (See  later  aeotion  for  studies  of  Eh 
of  cultures). 


TnBLK  10 
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GROWTH  OF  WOOD  ROTS  IN  SHAKE  CULTURE  IT  28°C.  WITH  VARIOUS 
ORGANIC  vND  INORGANIC  NITROGEN  SOURCES 

Growth  in  2jS  malt  extract  (pH  4.9  (unadjusted),  nit  rogenwO.  0045?)  ^iven 
oS  milligrams  of  dry  weight  of  mycelium  per  70  ml,  of  medium  ( Svartuard  / j 
growth  in  test  media  (70  ml.,  pH  5.0  - 5.5)  expressed  as  percentages  of  that 
in  the  malt  extract  standard.  Initial  Eh  * 4400  to  4500  m.  v.  Standard 
inoculum  used.  Test  nitrogen  compounds  added  to  the  basal  medium  (Table  1) 
to  a total  or,  with  ammonium  nitrate,  to  an  amnonlum  nitrogen  concentration 
of  0.0125C  All  data  are  averages  of  at  least  duplicate,  7-day  cultures,  af- 
ter at  least  three  serial  transfers  in  the  given  nutrient,  A superscript 
after  a figure  shows  the  number  of  the  serial  transfer  to  which  the  data 
applies;  unless  otherwise  indicated,  figures  are  for  the  third  subculture. 


Organism 

Malt 

extract 

Casein 

hydrolysate 

L- Glutamic 
acid 

Urea 

(mL)2C0^ 

% 

Brown  rots  - 

mg. 

% 

% 

% 

Poria  incrassata 

80 

68 

49;  519 

25;  309 

30;  239 

Poria  oonticola 

116 

83 

74 

30;  269 

32;  259 

Polyporus  palustris 

111 

57 

82 

25;  499 

47;  439 

Lentinus  lepldeus 

80 

13C 

25}  309 

0 

74;  589 

Femes  subroseus 

99 

86 

77 

22;  549 

50;  439 

Lenzites  trabea 

54 

71 

169 

30; 1019 

42;  389 

Femes  roseus 

106 

99 

33;289 

21;  439 

40;  419 

Femes  meliae 

125 

79 

83 

20;  309 

29;  319 

Fames  officinalis 

63 

0 

0 

0 

0 

Poria  xantha 

72 

96 

118 

48; 609 

58;  469 

Poria  cocoa 

56 

89 

52;  489 

22;  429 

37;  409 

Poria  nigra 

147 

85 

97 

29;  449 

41;  359 

Poria  vaillantii 

96 

0 

0 

0 

0 

Polyporus  sprague i 

115 

85 

28; 309 

25;  379 

20;  269 

Polyporus  betulinus 

80 

129 

118 

38;  699 

71;  569 

Polyporus  immitus 

88 

! 

22;  309 

29;  259 

14;  2l9 

36;  259 

(continued  on  next  page) 
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Ontanlw 

Malt 

ext root 

\ Casein 

L-Olutamio 

•0*4 

2cm 

% 

Brow  rote  (cont’d)  «* 

M* 

* 

% 

% 

Polyporua  aohweinitiii 

57 

95 

64 

43)  629 

49)  519 

Lens  it  es  saepiarla 

83 

52 

24)  219 

24)  529 

51;  399 

Hydnua  puloherrunje 

82 

94 

48;  439 

30;  289 

15)  239 

Trametea  serialise* 

221 

95 

49;  509 

55)  569 

39)  379 

Ptychogaater  rubeeoena 

•»  89 

137 

149 

40;  359 

97)  739 

Daedalea  quercina 

113 

100 

35;  359 

34)  499 

50)  439 

Porta  oleraceae 

1 23 

96 

94 

18;  289 

26)  229 

Ports  lutcofibrata 

10|  179 

100) 

0^ 

50;  cf* 

0 

0 

Neruliue  lacrynans 

34)  299 

59)1G79 

24)  339 

21)  289 

25;  289 

Polyporua  sulphurous 

30;  439 

127 

30;  239 

27;  239 

33;  219 

Lensitoa  etriata 

65;  539 

66) 

V9 

16)  329 

19;  379 

46;  529 

Coniophora  cereballa 

65)  589 

89 

33)  559 

35;  449 

37)  369 

Trametea  malic ola 
White  rota  - 

65 

61; 

iU9 

66;  739 

61;  639 

44)  549 

Polyporua  tuliplfarua 

130 

50) 

529 

66 

15;  479 

45)  a9 

Polyporua  ancepa 

102 

96 

57;  539 

15;  349 

3»;  269 

Peniophora  glgantea 

97 

136 

112 

36;  A79 

4 U 4t9 

Porta  aubacida 

97 

62 

61 

7;  169 

56;  5#9 

Feme  a fomontariua 

1 

71 

74 

26;  239 

23;  609 

21)  649 

Polyporua  versicolor 

120 

75 

80 

28;  209 

21;  219 

Penes  annoaus 

94 

92 

73 

8;  219 

5)  129 

Lentinua  tigrinua 

100 

97 

96 

11;  259 

22;  209 

Fomes  geotropus 

123 

99 

47;  509 

18;  259 

28;  329 

Polyporua  abietinua 

153 

106 

98 

95;  509 

32;  309 

**  'ill  grow  fithwt  thiamin  in  tho  aodia  ohcr/n» 
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Oranlea 

Malt 

•xtrwt 

Casein 

hydrolysate 

L-Glutamic 

sold 

0*4)2®°! 

White  rote  (coat'd)  - 

BC* 

% 

% 

* 

% 

takes  pin! 

6* 

63;  849 

44;  709 

44;  589 

47;  489 

Polyporu*  finosue 

69 

47;  599 

30;  439 

17;  579 

33;  369 

Arnillaria  mellea 

11;  22? 

87}  579 

0(120)* 

0 

0 

* Kftor  "training*  (ccntinuod  subculture). 


( 


l 

C 
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TABLS  1C  (CXJNTIMUfi)) 


C > gr/tretf* 

ro^ci 

22a 

m>2 

Breen  rote  - 

% 

1 

% 

5 

% 

Porla  lnoraeeeta 

25)  229 

42)  519 

0 

0 

0 

Poria  noatloolci 

26}  2TI9 

32)  319 

8) 

(A 

0 

0 

Polyporue  palustris 

1*2}  459 

42)  459 

9) 

0* 

0 

0 

Lentinua  lepideue 

60j  749 

93)  989 

20) 

(A 

0 

0 

Pones  subroseua 

3d,  379 

51)  429 

12) 

cA 

0 

0 

Lssaitee  trabea 

24)  269 

23)  329 

8) 

(A 

0 

0 

Penes  roe sue 

33)  299 

40)  3d9 

2) 

cA 

0 

0 

Pones  nellse 

31)  259 

33)  2d9 

6) 

0^ 

0 

0 

Panes  officinalis 

0 

19)  <A 

0 

0 

0 

Poria  xmntha 

46,  479 

79)  769 

8) 

<A 

0 

0 

Poria  cocos 

24)  199 

54)  639 

0 

0 

0 

Poria  nigra 

30)  279 

54)  499 

7) 

<A 

0 

0 

Poria  Taillantii 

0 

0 

0 

0 

0 

Polyporue  epraguei 

19)  209 

27)  279 

• 

3) 

<A 

0 

0 

Polyporue  betulimis 

53)  519 

73)  659 

9) 

(A 

0 

0 

Polyporue  indtue 

30)  259 

48)  489 

0 

0 

0 

Polyporue  adnnlnltsii 

41)  a9 

57)  559 

9) 

cA 

0 

0 

Lensitse  saeplarla 

43)  379 

59)  559 

111 

(A 

0 

0 

Uydaua  puloherrlnun 

12)  269 

30;  349 

4) 

<A 

0 

0 

Trane te s serlalie  ** 

32)  309 

44;  399 

37)  339 

22jC6 

0 

Ptyoh ogee ter  rubeaesna** 

72)  799 

96)  799 

25) 

o6 

25  )C7 

22  jC° 

Daedales  queroina 

36)  3B9 

59;  529 

0 

0 

0 

Poria  oleraoeae 

21)  IB9 

33  ) 299 

6) 

0^ 

0 

0 

Poria  luteofibrata 

0 

0 

0 

0 

0 

»# 


ill  gr  v./n  'ithnut  thiamin  in  the  media  ehovm, 
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TABU  10  .COHCUJDD) 


Oratulm 

■W 

W4CI 

Si 

22a 

Bran  rot*  (oontld)  - 

% 

* 

1 

< 

% 

tfsrulius  laoryuans 

16;  499 

29;  539 

0 

0 

0 

Polyporus  sulphurous 

37;  179 

43;  309 

0 

0 

0 

Lsnsits*  striata 

37;  449 

47;  759 

0 

U;05 

18  jC4 

Cc&lophcra  osrsbolla 

30;  329 

46;  479 

0 

0 

0 

Trsastos  nail on la 
Mbit*  rots  - 

41;  4 29 

62;  729 

0 

0 

6 

Pol/purus  tulip! fsrus 

33;  389 

49;  479 

3; 

o4 

0 

0 

Polyporus  snesps 

2t;  219 

46;  419 

8; 

o4 

0 

0 

Psntophora  gifint— 

34;  299 

48;  449 

9; 

04 

0 

0 

Ports  subsolds 

44;  419 

55;  529 

0 

0 

0 

Pass*  fa— nt  arias 

28j  369 

37;  359 

3; 

04 

0 

0 

Polyporus  rsrsieolor 

23;  219 

25;  239 

8; 

04 

0 

0 

Bqmss  snsosus 

5;  69 

63;  519 

0 

0 

0 

Ltmtinus  tigrlnus 

13;  169 

32;  329 

5; 

d4 

0 

0 

Pa— a gsotropus 

21;  239 

43;  U9 

3; 

o4 

0 

0 

Polyporus  sbistims 

21;  229 

35;  369 

8; 

o4 

0 

0 

Porass  pint 

42;  449 

51;  569 

13; 

04 

6 

0 

Polyporus  fusosus 

30;  369 

44;  519 

0 

26  jO7 

20|06 

Amillaria  mUm 


0 


0 


0 


0 


0 


TABLE  11 
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GROWTH  or  WOOD  SOTS  IN  SHAKE  CULTURE  AT  28*«,  IX  SINGLE  AUDIO 
ACIDS  COMPARED  WITH  CERTAIN  OTHER  NITROGEN  COMPOUNDS 

Qrewth  In  15  salt  extraot  (pH  4*9  (unadjusted),  nitrogen  ° 0.0045)  given 
•a  milligrams  of  dry  Might  of  mycelium  per  70  el.  of  medium  (standard);  growth 
in  teat  media  (70  ml.,  pH  5.0-5. 5)  expressed  as  percent agao  of  that  in  the  e&lt 
extract  atandard.  Initial  Eh  a 4400  te  4300  m.v.,  except  L-cysteine  Eh  a 4*300 
a.r.  Standard  inocolue  uaed.  Teat  nitrogen  compounds  added  to  the  basal  medium 
(Table  1)  to  a total  nitrogen  concentration  of  0.0125,  except  DlHaixturee  of  aaino 
aoldc  to  0.0245*  All  data  are  average*  of  at  least  duplicate,  7-day  cultures, 
after  at  least  three  serial  transfers  in  the  given  nutrient.  A superscript  after 
a figure  Wxnrs  the  number  of  the  serial  transfer  to  which  the  data  applies;  unless 
otherwise  Indicated,  figures  are  for  the  third  subculture. 


Malt 

extraot 

Caaein 

hydro** 

• izute 

(«  L)2P<H 

Qlvoine 

B-slanlne 

DL^vallne 

Bream  rota  - 

■8* 

5 

5 

5 

5 

5 

Daedal ea  quercina 

110 

100 

50;  439 

19;  259 

46;  419 

82 

Pomes  subroseus 

94 

86 

52 

77 

37;  319 

91 

Hydnum  pulcherrlasaa 

73 

95 

15|  239 

75 

33;  429 

55 

Lent  Irma  Ispldeme 

83 

131 

78 

35;  379 

44;  U9 

54;  579 

Lens  its#  trabsa 

61 

72 

42;  389 

145 

48;  549 

170 

Polyporus  palustris 

103 

57 

50 

78 

47;  399 

94 

Ports  monticoln 

133 

82 

32;  259 

73 

23l  249 

66 

Ptychogaster  rube seen***  97 

137 

90 

108 

16;  349 

208 

Tramotea  serlalis** 

126 

95 

38;  349 

40;  439 

10;  169 

54;  489 

White  rota  - 

Pones  amosus 

82 

92 

5;  129 

80 

6;  89 

125 

Lentinua  tigrlnus 

106 

97 

22;  209 

85 

38;  339 

96 

Paniophora  gigantea 

104 

136 

46;  409 

108 

12;  189 

94 

Polyporus  ancaps 

93 

96 

30;  269 

69 

33)  289 

76 

Polyporus  tulipiferus 

120 

50 

45;  419 

66 

17;  219 

78 

Poria  subaoida 

89 

62 

56 

55 

23;  299 

59 

**  Will  grow  without  thiamine  in  the  media  shown. 
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Organism 

L- leucine 

DL-iso- 

leuolne 

DL-serine 

DL-threo~ 

nine 

L-Cyt- 

tslne* 

L-cys- 

tins 

Brown  rots  - 

% 

1 

i 

t 

% 

t 

f 

% 

Daedalea  queroiaa 

17 } 229 

26 1 

199 

24}  269 

22;  249 

17; 

0* 

52 

FOnsa  subroseus 

52 

43} 

J99 

56 

59 

0 

45}  389 

Hydras  puloherrlmw 

62 

58 

65 

67 

14; 

cA 

44;  379 

Lentinus  lepideus 

15}  249 

12} 

249 

24}  179 

19}  209 

0 

14;  ll9 

Lanaltes  trabea 

113 

99 

118 

119 

30;  . 

0* 

58 

Polyporus  palustrls 

49}  !>39 

50; 

469 

64 

66 

15; 

50 

Poria  montloolm 

49;  459 

32; 

2B9 

56 

56 

18; 

0* 

18}  229 

Ptyohogaeter  rube scans** 

105 

92 

104 

90 

9; 

o<> 

6j  U9 

Trametes  serlalis** 

42j  439 

25} 

329 

31}  349 

29}  259 

19; 

o5 

16;  139 

White  rots  •* 

Pomes  annesus 

51 

51} 

459 

54 

52 

5} 

0^ 

4;  79 

Lentinus  tlgrlnus 

66 

54 

70 

73 

15} 

o5 

55 

Penlophora  glgantea 

78 

70 

85 

85 

10} 

(A 

13;  99 

Polyporus  aneeps 

48j4C9 

39} 

329 

53 

52 

11; 

ah 

73 

Polyporus  tullplferus 

48j399 

39} 

349 

57 

55 

15} 

0* 

27;  329 

Poria  subaolda 

34}  279 

34} 

299 

28;  329 

39}  359 

5} 

o4 

33}  239 

* Eh  of  medium  as  used  » 4000  L-cysteine  utilised  by  all  organisms  at 

Eh  of  -f  400  to  500  m.v. 

**  Will  grow  without  thiamine  In  the  media  shown* 
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c 


DL-sstb-  DL-ttspsr- 

Lr>glutacde 

DL-pheayl- 

Irt7TO=« 

Qggsni— 

inrtM 

laBite 

tic  sold 

sold 

JBKKHIm 

SlSL 

— 

Bro—  rots  - 

% 

% 

K 

5 

% 

Disdain  quote  ins 

20}  299 

26}  239 

35}  359 

32}  299 

26} 

239 

FIqbm  subrossus 

45}  309 

77 

79 

54 

43 1 

339 

Hjdn—  poloherrlm 

61 

77 

46}  439 

63 

39} 

359 

Lsetlnus  lsptdsos 

15;  139 

40}  299 

25}  309 

U}  199 

15| 

109 

Lacs it os  tribes 

16}  109 

147 

146 

107 

87 

Poiyporuo  pal— trio 

61 

80 

67 

55}  499 

41f 

449 

Ports  MUtlOOlA 

53 

76 

75 

46;  529 

30; 

369 

Ptych  ogee  tor  mb— eons** 

»■  103 

117 

123 

99 

52} 

629 

(~)  Tr—stss  osrisli*** 

Whits  rots  - 

29}  409 

30}  249 

49;  509 

29;  219 

24} 

id9 

Po—s  snnosus 

45;  409 

63 

65 

50}  459 

37} 

479 

Loot  lo—  tigrlnus 

56 

66 

94 

61 

51 

Psnlophors  glgsntoa 

64 

111 

no 

78 

46s 

419 

Poiyporuo  snoops 

50}  409 

73 

65 

U;  389 

22} 

329 

Poiyporuo  tulipiforuo 

51}  649 

72 

75 

45;  509 

30} 

329 

Ports  subsoids 

39;  309 

57 

58 

28;  329 

20; 

2d9 

(_ 

**  Will  grew  without  thisndne  in  the  aodis  shown. 
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O- 


guiBia 

L-trypto- 

L-oroline 

L-hjdrr*j^. 

proline 

l^hletl- 

DL-nor- 

leucine 

Brown  rote  • 

% 

% 

% 

% 

% 

Deedalee  querolne 

18;  229 

22;  219 

28;  249 

32;  369 

30;  209 

Fonee  subroeeus 

60 

74 

63l  549 

45;?69 

43?5w9 

Hydra  puleherrlm 

65 

80 

56;  629 

42; 459 

3§;  389 

Lentlnus  lepldeus 

19;  249 

39?  359 

41;  379 

13;  129 

19;  149 

Lemitee  trebee 

120 

137 

140 

83 

78 

Polyporus  peluetrle 

65 

81 

78 

38;  439 

46;  r>39 

Porle  ■nntloods 

57 

73 

57;  509 

45;  359 

?9;270 

Ptjohoflbster  rabesoens** 

100 

107 

107 

54 

52 

Trenetes  eerialis** 

28;  259 

38;  459 

* 

32;  379 

24;  309 

17;  249 

White  rots  - 

Hones  anrosus 

53 

74 

77 

40:329 

36;429 

Lentlnus  tlgrlntn 

74 

85 

47;  379 

47;689 

441 399 

Feniophore  glgsntee 

86 

106 

69 

47t5*9 

4a  399 

Pelyporus  snoeps 

54 

69 

51;  439 

31;  409 

39;  429 

Polyporus  tuliplferus 

54 

70 

34;  299 

38;  469 

35;  509 

Polls  subsoids 

38;C29 

52 

69 

23;  379 

28;  219 

f 


j 

t 


U* 

**  mil  grew  without  thimine  in  the  aedl*  shown. 
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L-aspar- 

wrtot 

Brown  rots  - 

% 

Daedalea  quercina 

21}  279 

Fanes  subroseus 

76 

Hjdnum  pulcherrlaum 

85 

Lentlnus  lepideus 

50 

Lenaites  trabea 

1 42 

Polyporus  pslustris 

87 

Poria  aontlcoln 

77 

Ptychogaster  rube sc  3ns** 

98 

Trsmetes  serialise* 

39;  359 

White  rots  - 

Femes  annosus 

83 

Lentinus  tigrinus 

87 

Penlophora  gigantea 

106 

Polyporus  anceps 

57 

Polyporus  tulipiferus 

72 

Poria  subacida 

55 

DL-omi-  L-argi- 


OLutawlpe 

thine 

L-lysjne 

% 

% 

K 

% 

24}  279 

18;  249 

23?  279 

20;  269 

85}  899 

72 

37}  309 

78 

33}  409 

79 

26;  329 

85 

49;  579 

20;  299 

18;  249 

36;  259 

150 

134 

50 

145 

88 

78 

30;  259 

79 

80}  909 

72 

28;  319 

73 

122 

114 

31;  399 

100 

48;  529 

25}  329 

20;  229 

48;  379 

85 

72 

34}  379 

83 

106 

79 

32;  329 

6Tf 

129 

99 

21;  269 

109 

71 

65 

20;  169 

72 

85 

66 

23;  239 

69 

81 

51 

21;  309 

62;  599 

**  Will  grow  without  thiamine  in  the  media  shown. . 
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From  Table  10  certain  Important  generalisations  and  specific 
conclusions  can  be  drawn,  as  follows i 

Is  Molt  extract  supports  continued  growth  of  all  the  organisms, 
although  Sbruliua  lacrvmans,  Polynorua  sulphurous.  Porla  luteofibrata. 
and.  Annillaria  mellea  produce  only  small  amounts  of  mycelium  in  7 days 
compared  with  rest  of  the  fungi , The  growth  curve  data  for  these  species 
show  them  to  be  slow-growing  organisms,  (see  Table  8,  above),  which 
probably  explains  their  apparently  poor  growth  in  7 uays  in  malt  extract. 

2.  Of  the  organic  nitrogen  sources,  growth  of  all  organisms  in 
urea  was  fairly  uniformly  poor,  and  in  most  cases  was  less  than  in 
ammonium  carbonate,  ammonium  sulfate  and  ammonium  nitrate.  It  is  of 
interest  that  most  organisms  which  grow  in  urea  show  a marked  increase 
in  the  amount  of  growth  from  the  third  to  the  ninth  serial  subculture. 

3.  Ammonium  carbonate,  ammonium  sulfate  and  ammonium  nitrate  are 
roughly  equivalent  in  their  growth-supporting  ability. 

4.  Generally  speaking,  the  nitrogen  sources  in  the  oasal  medium 
support  growth  in  the  presence  of  thiamine  but  not  in  its  absence.  This 
indicates  that  for  most  of  the  fungi  thiamine  is  necessary  and  is  the 
only  essential  vitamin.  The  exceptions  to  this  generalization  will  be 
mentioned  below, 

5.  Poria  vaillantii.  Fomes  officinalis  and  Poria  luteofibrata  grew 
only  in  malt  extract:  none  of  the  other  nitrogen  compounds,  organic  or 
inorganic,  plus  thiamine,  supported  growth  in  continued  subculture  from 
malt  extract.  This  suggests  a vitamin  deficiency  in  the  synthetic  media 
for  these  organism.  Axm1.ll aria  melloa  grew  only  in  casein  hydrolysate 

and  (eventually)  glutamic  acid  in  addition  to  the  malt  extract.  (See  later 
for  discussion  of  special  growth  conditions  for  these  4 organisms.)* 

• . • ' ....  ' • 
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6.  Ammonium  chloride  supported  growth  of  Trametes  serialis  only, 
under  the  conditions  used.  (See  below  fcr  t.he  effect  of  succinic  acid 
on  growth  in  ammonium  carbonate). 

7.  Potassium  nitrate  and  nitrite  did  not  support  continued  growth 
of  any  species. 

8.  Both  Trametes  serialis  and  Ptychogaster  rubescens  grew  in  their 
various  nitrogen  sources  in  the  complete  absence  of  thiamine,  although 
the  growth  weights  attained  were  nearly  all  (exceptions  P.  rubescens  in 
NH^NO^)  less  than  50 % of  those  in  malt  extract,  and  were  alwayB  less  than 
the  corresponding  weights  in  the  presence  of  thiamine.  These  figures 
indicate  ability  to  grow  without  thiamine,  although  at  a slower  rate. 

9.  Some  organisms  grew  outstandingly  better  in  certain  nitrogen 
sources  than  they  did  in  malt  extract:  for  example,  Lenzltes  trabea  in 
glutamic  acid;  Lentinus  lepideus  in  casein  hydrolysate;  Polyporos 
betulinus  in  casein  hydrolysate  and  in  glutamic  acid;  Ptychogaster 
rubescens  in  casein  hydrolysate  and  in  glutamic  acid;  Polyporus 
sulphurous  in  casein  hydrolysate,  and  Penlophora  glgantea  in  casein 
hydrolysate. 


Fro*  Table  11  the  following  general iaat ions  and  conclusions  *a y be 
drawn  for  the  organisms  tabulated  therein. 

1.  Generally,  each  of  the  amino  acida  singly  in  the  basal  medium 
was  able  to  support  growth  of  the  organisms  in  continued  subculture 
"indefinitely1*,  although  there  were  wide  quantitative  differences  in  the 
(Mount  of  growth  so  obtained.  Exception:  L- cysteine  (see  section  below  on  Eh). 

2.  As  among  the  various  species  of  fungi,  Trametes  serialls  , 

Lentlnua  lopldoua  and  Daedal da  oueroina  grew  most  poorly  in  the  amino  acids. 

3.  The  best  growth  in  single  amino  acids  (with  thiamine)  was 
obtained  with  Lensltse  trabes  and  Ptvohogaater  rubescens:  in  certain 
amino  aoida  l£  to  2 times  as  much  growth  was  attained  as  in  melt  extract. 

For  example,  Lensltes  trabaa  in  glycine,  aspartic  acid,  glutamic  acid, 
proline,  hydroxyprollne,  asparagine,  glutamine^  ornithine  and  arginine; 
Ptyohogaator  rubeacana  in  valine  and  in  glutamic  acid. 

4.  Only  Trametes  serialls  and  Ptrohogaster  rubescens  grew  in  the  delete 
continued  transfer  in  each  of  the  amino  aoida  without  thiamine,  although 

the  amount  of  growth  was  lass  than  a 2000-fold  increase  and  was  invariably 
leaa  than  in  the  presence  of  thiamine. 

Miscellaneous  studies  on  nitrogen  compounds. 

As  regards  the  additive  effect  of  amino  acids,  a limited  amount  of 
work  with  Polyporua  paluatrle  indicates  that  in  general  optimum  growth 
la  obtain od  with  a mixture  of  several  amino  acid?  rather  than  any  one. 

For  oxample,  if  to  the  basal  medium  plus  glutamic  acid  is  aided  aspartic 
acid  and/or  valine  iad/™*  arginine  and/or  proline,  there  is  a successive 
increase  in  tho  resultant  growth  for  each  additional  amino  aoid  usod, 
within  limits,  even  though  the  total  nitrogen  in  each  medium  is  the  same. 

This  observation  suggests  why,  in  general,  more  growth  is  obtained  in  the 
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mixture  of  amino  adds  present  in  casein  hydrolysate  that  in  single 
amino  acids.  ( Tables  10  and  11)  We  hare  not  determined  what  is  a full 
complement  of  amino  acids  even  for  FoItpotus  oaluatria. 


4ttep<pta  wore  made  to  grow  P.  palustris  and  p,  in  nitrate 

and  nitrite.  Because  none  of  the  fungi  grew  in  the  basal  medium  with 
thiamine  and  nitrate  or  nitrite  (Table  10),  it  was  thought  possible  that 
other  vitamins  were  needod  for  growth.  P.  palustris  and  P.  tulioiferue 
were  investigated  in  this  regard,  using  sodium  nitrate  and  sodium  nitrite 
separately  in  the  basal  medium  with  thiamins  (1  mg. Alter),  and  adding 
tbs  following  nutrilitee  in  various  combinations!  riboflavin,  pyridoxins, 
pantothenic  acid,  niacin  - 1 mg*  per  liter;  biotin,  folio  acid  - 2 gammas 
per  liter;  guanine,  adenine,  uracil  - 13  mg*  per  liter;  guanylio  acid, 
adenylic  acid,  sodium  nucleate,  xanthine  - 20  mg.  par  liter;  ohollne, 
inositol  - 2 mg*  per  liter. 

In  neither  nitrogen  compound  with  any  combination  of  nutrilitos 
was  there  growth  even  in  the  second  transfer,  end  often  not  In  the  first 
transfer  from  malt  extract.  Assuming  that  the  total  concentration  of 
nitrogen  was  not  too  high  to  be  inhibitory  (120  mg*  H per  liter  for 
nitrate  or  nitrite,  plus  as  much  as  69  mg.  H per  liter  for  the  nutrilites), 
it  seems  clear  that  these  organisms  actually  look  a biochemical  meohaniam 
for  utilisation  of  nitrogen  in  the  form  of  nitrate  or  nitrite. 

With  the  exception  of  frametoa  serlqlls.  none  of  the  wood  rots 
grew  in  continued  subculture  in  the  basal  medium  with  ammonium  chloride 
as  the  source  of  nitrogen  (Table  10).  It  was  found  by  chance  that  when 
a traoe  of  succinic  acid  was  added  to  some  of  the  cultures  in  the 
ammonium  chloride  medium,  growth  took  place.  The  following  have  been 
found  to  grow  in  continued  serial  subculture  (6)  in  the  basal  medium 
(Table  1)  plus  ammonium  chloride  (0.012$  nitrogen)  plus  succinio  acid 
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(10  mg,  per  liter) i Poria  luteofibrats.  Polyporus  palustris.  Lenzltas 
trabea,  Traioetes  sorialis.  Poria  aonticola.  Lentinus  tigrinua.  Polyporue 
ancepa,  ptyoftogaa  tor  rubesoena.  Peniophora  gigantea,  Hydnum  pulehaiTimum, 
Lentinus  lepldens . and  Poria  subacida.  The  following  organisms  would  not 
continue  to  grow  in  the  indicated  medium:  Femes  annoaus . Daodalea 
ausrclna.  and  Foaes  subroseua.  They  died  out  in  the  4th,  2nd  and  3rd 
serial  transfers,  respectively.  Growth  in  other  inorganic  nitrogen 
sources,  such  as  ammonium  sulfate,  ammonium  carbonate  and  ammonium  nitrate, 
was  accelerated  or  incraaged  in  total  amount  by  the  addition  of  succinic 
acid,  Explanation  of  this  phenomenon  may  be  the  initiation  or  acceleration 
of  the  Krebs  cycle  by  the  succinic  acid.  4s  a matter  of  interest,  follow- 
ing the  effect  of  succinic  acid  on  growth  in  ammonium  chloride,  the 
effect  of  succinic  acid  was  tried  in  the  basal  medium  plus  ammonium 
carbonate,  in  which  some  growth  of  nearly  all  organisms  had  previously 
been  observed.  Data  for  several  species  are  shown  in  Table  12.  It  is 
evident  that  there  is  some  growth  stimulation  in  all  cases.  Succinic 
acid  increases  the  growth  of  Fomes  annosus  some  11-fold,  of  Lentinus 
tigrinus  nearly  4-fold,  and  doubles  the  growth  of  Peniophora  gigantea. 
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TABU  12 

imcr  or  succnric  acid  <m  growth  op  csstaiv  pood-rots  nf  snrramc 

MEDIUM  WITH  A1MKHIUM  carboxah 

Basal  aediua  plus  a— onlua  oar  boosts  (0.01251  nitrogen)  plus  suc- 
oinio  acid  (10  ag.  par  liter)*  «H  5.0  - 5*5.  Growth  in  l£  salt  ex- 
tract (pH  4*  9,  nitrogen  A O.  0045)  given  as "milligraas  of  .dry  weight  of 
ayceliua  per  70  nl«  of  aediua;  growth  in  test  aediua  (70  ill. ) expressed 
As  percentages  of ‘th^t^in  the  salt  extract.  All  data  are  averages  of 


duplicate,  7-day,  third-transfer  cultures,  at  28°C 

• 

Organlsa 

Halt 

extract 

Basal 

aediua 

(ItyjCOj 

Basal  aediua 

(«h4^co3 

suoolnio  a old 

Brown  rots  - 

Wg. 

% 

% 

Polyporus  paluatrie 

110 

45 

57 

Lensltes  trabea 

62 

39 

48 

Tranetea  serial is  A 

120 

42 

56 

Porla  aontlnola 

110 

30 

45 

Ptychogaater  rube so e ns 

87 

86 

102 

White  rots  - 

Polyporus  tulipiferus 

125 

42 

59 

Pomes  annosue 

95 

5 

66 

Lentimts  tigrlnus 

95 

24 

80 

Polyporus  anoepe 

111 

32 

47 

Peniophora  glgantea 

QK 

44 

85 

c 
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Utilisation  of  amino  acids  as  carbon  sources  was  studied  with  two 
funfi,  P.  paluetrii  (brown  rot)  and  P.  tulloiferus  (white  rot).  Yhese 
were  tented  for  growth  in  shake  culture  in  the  basal  medium  minus  glucose, 
but  with  various  single  amino  aoids  as  the  sole  source  of  nitrogen 
and  carbon.  Or  earth  in  continued  subculture  did  not  occur  in  any  of  the 
amino  acids  tested,  wist  alpha  alanine,  beta  alanine,  1 -arginine. 
1-asparagine,  dl -aspartic  acid,  l-oystine,  1 -glutamic  acid,  glycine, 
1-histidine,  dl-iaoleucine,  dl-leucino, 1-lysine,  dl-me'.bloclno,  d-norleuclne, 
d -ornithine,  dl-phenylalanlne,  dl-serine,  1-tryptophane,  dl -valine. 

Utilisation  of  1-glutamio  acid  as  a nitrogen  and  carbon  source  by  all 
43  of  our  fungi  also  was  investigated,  ill  of  the  cultures  were  grown 
in  shake  culture  in  the  basal  medium  minus  glucose,  but  with  1 -glutamic 
acid  (carbon  concentration  equivalent  to  that  in  1$  glucose  solution) 
as  the  solo  source  of  carbon  and  nitrogen.  None  of  the  species  grew 
in  continued  subculture  in  this  medium. 

To  determine  the  utilisation  of  L-  and  DL-  forms  of  aaino  aoids, 
each  of  ten  organisms  was  cultured  in  the  basal  medium  with  L-  and  DL- 
tryptophnne  and  with  L-  and  DL-leucine  at  various  levels  as  the  only 
source  of  nitrogen.  The  results  (Table  13)  indicate  that  only  the  natural 
(L-  form)  of  tho  amino  acida  is  utilised,  a not  unexpected  finding. 

(It  was  for  this  reason  that  racemic  mixtures  (DL-)  of  amino  acids  were 
always  used  in  a total  nitrogen  concentration  (0.024$)  t-ice  that  of 
cthor  nitrogen  compounds  (0.012$)  in  Tables  10  and  11).  If  only  the 
L-  form  of  the  acid  is  utilized,  the  amounts  of  growth  for  each  organism 
in  Table  13  should  fco  the  s*une  for  the  L-  and  the  DL-  forms,  since  the 
latter  were  uaed  in  double  the  concentration  of  the  former.  This  is 
seen  to  be  the  o&ae  throughout,  although  at  tho  highest  nitrogen  levels 
(above  optimum  concentration)  slight  deviations  are  apparent. 


TABU  X3 

UTILIZATION  OF  L~  AKD  DL-  FORMS  OF  AKXXO  AGIOS 


Based  es  ixj  wight  of  ayoaliusa  produced  in  TO  ml.  of  basal  —dim  (Table  1) 
pins  the  indicated  nitrqjeo  source.  Initial  pH  approximately  optima  for  eaoh 


species.  Concentrations  of  ssiiuo  acids  expressed  as  percentages  of  ag^ng  nitrogen. 
DL-  anino  acids  used  in  double  the  oononnfe rations  of  the  L-fcr— . Standard  inoo* 


DL-  anino  acids  used  in  double  the  oononnt rations  of  the  L-fcr— . 
1—  used.  Data  are  for  duplicate,  7-day,  third-transfer  cultures . 


£ anino  nitrogen 


0.0004 

0.0008 

0.0015 

0.0030 

0.0060 


120 
0.0240 


0.0008 

0.0016 

0.0098 

0.0060 

0.0120 


■g.  ag. 

18  10 


0.0480 


% anino  nitre 

of 

L~  acid  DL-  aci 


0.0004  0.0008 
0.0003  0.0016 


0.0015  0.0030 

0.0030  0.0060 


0.0060  0.0120 

0.0120  0.0240 


0.0240  0.0480 


a* 


40  38 

52  54 

65  62 

92  122 


(continued  on  next  page) 


TAELS  13  (COICUIDBD) 
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L-  and  DL-  leuoln* 


O 


OZXD4TIGN~RZDOCTION  POTENTIAL  (Eh)  STUDIES  OF  SHiXE  CULTURES 
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Although  it  was  known  that  the  wood  rota  were  aerobio  rather  than 

* 

anaerobic,  and  grew  well  in  ordinary  oxidised  aedia  (+-Bh)  exposed  to 
the  air,  nothing  waa  known  of  their  actual  relations  to  redox  potential 
in  shake  culture.  In  this  rogard,  them,  determinations  ware  made  of  the 
Eh  of  all  aedia  before  inoculation,  and  a study  also  was  carried  out 
of  the  Eh  ohanges  in  shake  culture  during  growth.  Eh  readings,  particularly 
in  cultures  exposed  to  the  air,  are  necessarily  Inconstant,  even  varying 
widely  among  replicate  flasks,  so  that  tho  data  are  indicative  of 
typical  readings  rather  than  showing  accurate  values.  Further,  as  is 
well  known,  Eh  varies  with  pH,  and  since  pH  was  not  constant  under 
various  cultural  conditions,  the  5b  values  are  not  striotly  comparable 
on  a cons tent  pH  basis. 

Table  Li  shows  typical  initial  Eh  and  pH  readings  bofore  inoculation 
for  most  of  tho  media  used  in  Tables  10  and  11.  Tho  media  were  autoclaved, 
agitated  on  the  shaker  for  one  hour,  then  allowed  to  stand  for  one-half 
hour  bofore  Eh  readings  were  made.  This  procedure  simulated  the  conditions 
preceding  tho  inoculation  of  a flask  in  routine  nutrition  studios. 
Examination  of  Table  14  shows  that  all  media  except  that  containing 
L-cystoine  had  relatively  hi^h  oxidation-roduotion  potentials,  tho  Eh 
in  most  cases  being  in  the  range  of  f 400  to  4 500  millivolts  (m.v.). 
L-oysteine,  a strong  reducing  agent,,  gave  a relatively  low  Eh  of  about 
*+-  350  m.v.  It  is  evident  that  tho  tuodia  in  which  our  fungi  grow  well 
are  quite  highly  oxidised.  Complete  studies  have  not  been  made  of  tho 
limiting  Eh  for  growth,  although  the  results  with  L-cystoine  (see  below) 
indicate  that  none  of  the  fungi  except  Armlllarle  mellea  (soe  below) 
grow  well  at  an  Eh  more  negativo  than  about  4-  400  millivolts. 
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TABLE  U 

. INITIAL  OXIDATION-REDUCTION  POTENTIALS  OF  UN INOCULATED  NUTRIENT  MEDIA 

Media  and/or  nitrogen  components  of  media  are  those  used  in  Tables 
10  and  11*  Nitrogenous  components  added  to  basal  medium  (Table  1)  to 
0. 012)1  total  nitrogen,  except  ammonium  nitrate  to  0.012)1  aamonlua 
nitrogen,  and  DL-  amino  acids  to  0.024)1  total  nitrogen.  Media  autoclaved, 
shaken  for  one  hour,  and  allowed  to  stand  one-half  hour  prior  to  Eh 
determinations.  Eb  readings  based  on  hydrogen  electrode. 


Medium  or 
Component  .. 

Average 
Pfl 

Average 

& 

4- millivolts 

4*  millivolts 

Malt  extract  (1)1) 

4.65 

431 

426  -436 

Casein  hydrolysate 

5.45 

466 

440  - 476 

Urea 

5.40 

436 

431  - 438 

(NR4)2«>3 

5.50 

416 

350  - 421 

(nh4)2so4 

5.50 

446 

436  - 461 

• 

hh.no 
A 3 

5.48 

456 

433  - 466 

KH4a 

5.42 

410 

406  - 425 

Glutamic  aoid 

5.52 

417 

413-421 

Glycine 

5.29 

506 

496  - 517 

B~  alanine 

5.38 

456 

446  - 471 

lr-  louoine 

5.22 

466 

447  - 476 

L-  cysteine 

5.45 

356 

345  - 368 

L~  cystine 

5.25 

396 

394  - 406 

L-  tyrosine 

5.30 

441 

436  - 456 

L~  tryptophane 

5.35 

456 

451  - 461 

L-  proline 

5.30 

476 

470  - 484 

L--  histidine 

5.29 

433 

426  - 438 

L-  asparagine 

5.45 

486 

466  - 506 

L-  lysine 

5.29 

440 

431  - 451 

L-  arginine 

5.40 

491 

484  - 498 

DL-  valine 

5.42 

501 

483-504 

DL-  iaoleuclne 

5.28 

464 

457  - 470 

DL-  serine 

5.31 

477 

469  - 486 

DL-  threonine 

5.30 

476 

467  - 483 

DL-  methionine 

5.30 

428 

422  - 440 

DL-  aspartic  acid 

5.45 

496 

491  - 507 

DL-  phenylalanine 

5.42 

485 

471  - 477 

DL-  norleucine 

5.28 

486 

476  - 501 

DL-  ornithine 

5.18 

507 

504  - 515 
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k series  of  studies  of  tbo  Eh  changes  Is  shake  culture  during  the 
growth  cycle  of  one  to  three  weeks,  depending  upon  the  organise,  hare 
yielded  little  consistent  or  significant  data.  Presumably  because  of 
being  continuously  aerated,  shake  cultures  did  not  show  the  striking 
drop  in  Eh  which  is  characteristic  of  microbial  growth  in  stationary 
cultures.  In  general,  daily  Eh  readings  were  rath~r  variable  as  regards 
replicate  samples,  the  ease  medium  or  the  same  organism,  and  avowed 
little  consistency  relative  to  the  Eh  trend  in  growing  cultures.  Much, 
perhaps  most,  of  this  variation  was  a reflection  of  the  inconstancy  of 
the  determination  itself,  in  cultures  in  which  there  was  a continual 
interchange  of  gases  with  the  atmosphere.  It  appears  that  except  in 
special  oases,  routine  Eh  determinations  in  culture  are  not  significant. 


Table  11  chows  that  none  of  tbs  fvngi  used  grew  la  the  basal  medium 
plus  L-cysteine  through  Tory  May  serial  subcultures.  Studies  of  the  Eh 
of  this  asdius  yielded  tbs  explanation  for  laok  of  growth.  This  aalno 
acid  is  ooauttoly  used  in  baoteriologloal  media  to  obtain  reduoed  conditions 
for  the  growth  of  anaerobes,  and  in  our  work  produced  an  Eh  too  low 
( 4-350  b,t.)  err  on  in  aerated  culture,  for  growth  of  the  aerobic  wood 
rots.  All  other  amino  aoid  media  were  more  highly  oxidised,  with  an 
Eh  of  4 500  a.v.  (Table  14) • Good  growth  of  ton  organisms  tested  was 
obtained  when  ascorbic  aoid,  an  oxidising  agent  which  is  not  utilised 
but  which  increases  the  Eh,  was  added  to  the  cysteine  medium  to  oxidise 
it  to  an  Eh  of  *4"  450  m.r.  Growth  also  could  be  obtained  by  decreasing 
the  concentration  of  cysteine,  resulting  in  a less  reduced  medium.  It 
is  apparent,  then,  that  L-cystelne  is  a nutritionally  - ut  ill  sable  form 
of  nitrogen  under  an  environmental  condition  comparable  with  that  for 
the  other  aalno  acids,  i.e. , in  a highly  oxidised  medium. 

An  exception  to  the  above  statement  that  the  organisms  require  a 
highly  oxidired  medium  for  growth  Is  Armlllarla  me  Ilea,  which  was  studied 
separately,  because  it  originally  apparently  did  not  utilise  amino  acids 
(see  Table  10)  and  therefore  was  not  studied  in  Table  11.  Good  growth 
of  this  organism  was  obtained  only  in  a less  highly  oxidised  medium. 

For  example,  the  basal  medium  plus  oysteine  in  a concentration  of  0.Q24JC 
total  nitrogen,  Eh  about  -f-300  n.v,,  supported  growth  oomparable  in 
amount  to  that  of  other  wood  rota  in  highly  oxidised  media.  Thus, 
what  appear  to  be  different  nutritional  requirements  of  certain  organisms 
nay  in  aomo  cases  be  a .reflection  of  special  environmental  requirements. 
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DEVELOPMENT  OP  SYNTHETIC  MEDIA  " OPTIMAL"  FOR  QRCPTTH 

The  original  basal  synthetic  medium  (Table  1)  supports  good 
growth  of  most  of  our  fungi  (exceptions*  JU-ESllSS1*  £*  laJJLlflBlllj 
P.  luteoflbrata.  F«  offioinalis  (Table  10)),  but  probably  is  not 
qualitatively  or  quantitatively  optimal  for  any  species.  It  should 
be  regarded  as  containing  the  minimum  essential  nutrients  in  useable 
concentrations.  It  seemed  desirable  to  develop,  far  some  of  the  organ- 
isms, synthetic  media  which  were  at  least  quantitatively  optimal  in 
the  minimum  essential  nutrients,  rather  than  constituents  which 
onhance  growth,  but  arc  not  essential. 

The  "triangle”  (3-variable)  method  (Hildsbrandt  etal,  1946)  was 
used  as  a basis  for  determining  the  optimal  concentration  of  each 
nutriont  in  the  presence  of  tbo  others,  far  the  constituents  of  the 
original  basal  medium  plus  glutamic  acid  as  a source  of  nitrogen. 
Modifications  cf  the  triangle  mothod  — the  6-vorioble  and  12-variablo 
systems  — also  rcrc  developed  and  usod.  All  work  was  carried  out  in 
shake  flasks  and  with  the  other  techniques  given  under  Methods. 

In  the 'triangle  method  (Fig.  5)»  concentrations  of  three  nutrients 
are  varied  simultaneously  (keeping  the  concentrations  of  other  constituents 
constant),  usually  doubling  the  concentrations  stepwise  within  the  ranges 
covered.  For  the  first  approximation  to  the  optimal  concentration  of 
eaoh  of  the  throe  variables  (e.g.,  glucose,  glutamic  ncid,  thiamin) 
a wide  range  of  concentrations  was  used,  and  the  optimum  concentration 
was  given  by  the  flask  showing  the  greatest  amount  of  growth  (dry  weight 
of  myoelium).  Closer  and  closor  aDproximations  to  the  "true"  optimum 
for  thu  three  nutrients  was  then  obtained  by  uoing  narrower  ranges  about 
the  optima  first  determined.  After  the  optima  for  the  first  throe  nutrients 
were  established  with  the  desired  accuracy,  the  optimal  concentrations  of 
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The  "triangle*  method  for  approximating  the  optliMl  concentrations 
of  three  variables  in  nutrition  studies. 


4c  3r.  P.c  3? 


Given  three  nutrients,  A,  B and  C:  it  is  deaired  to  determine 
the  optical  concentration  of  each  in  the  presence  of  the  others. 
Ten  flasks  are  set  up  as  show  (0)  in  the  large  triangle,  each 
flask  containing  the  indicated  relative  concentrations  (la,  U b, 

2c,  etc.)  of  substances  A,  B and  C.  For  the  first  approximation 
of  the  optimum,  each  substance  is  used  in  1,  2,  4 and  8 times 
some  chosen  concentration  of  A,  B and  C,  as  show  in  the  snail 
triangles.  The  small  triangles  are,  in  effect,  superimposed 
tc  form  the  large  triangle.  The  absolute  values  of  la,  lb  and 
lc  need  not  necessarily  be  the  same.  The  first  approximation 
to  the  optimal  concentrations  of  the  three  nutrients  is  given 
by  the  flask  (combination  of  concentrations)  which  produces  the 
greatest  amount  of  growth.  Closer  and  closer  approximations 
may  then  be  obtained  by  using  other  or  narrower  ranges  of  con- 
centrations about  the  optima  previously  determined.  A greater 
or  lesser  number  of  concentrations  (flasks)  may  be  used  in  a 
set  than  is  illustrated  above. 


FIGURE  5 


Reference Hildebrandt,  Riker  and  Duggar,  Am*  J,  Botany, 
22>  591-97,  1946. 
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another  set  of  three  nutrients  were  determined  in  the  same  manner, 

C 1 

keeping  constant  the  optima  first  determined*  Theoretically,  at 
least,  the  procedure  may  be  repeated,  using  all  possible  combinations 
and  concentrations  of  nutrients,  until  an  absolute  optimal  medium  for 
an  organism  is  reached.  With  this  triangle  method  we  hare  used  either 
5 or  7 concentrations  of  each  of  three  variat'  ee,  which  required  1$  or 
28  flasks,  respectively,  per  run. 

In  tho  triangle  method  the  variables  are  run  only  in  groups  of 
three,  so  that  interaction  of  each  nutrient  of  the  oomblete  medium  with 
all  of  the  others  cannot  be  studied  at  the  same  time.  The  12-variablo 
system  was  developed  so  that  concentrations  of  all  12  constituents 
(including  pH)  of  tho  basal  medium  could  be  varied  and  studied  simultan- 
eously, Six  variables  (glucose,  glutamic  sold,  thiamin,  potassium 
( , phosphate,  magnoslum  sulfate  end  pH)  were  used  in  13  concentrations,  and 

the  other  six  (lino,  iron,  manganese,  molybdenum,  oopper  and  boron) 
in  9 concentrations.  This  roquixed  43  flasks  per  run,  and  more  and 
better  data  waa  obtained  in  loss  time  than  with  tho  triangle  method, 

Tha  6-variable  ayatem  is  similar  to  the  12-voriable  method, 
except  that  tho  trace  elements  are  not  included  as  variables.  Quantitative 
optima  were  established  for  tha  trace  elements  by  the  12-variable 
systan.  It  was  found,  however,  that  the  other  six  constituents  had  a 
relatively  much  greater  effect  on  growth,  so  that  for  all  practical 
purposes  tho  concentration *5  of  trace  elements  in  the  original  basal 
medium  wero  "optimum".  Hence  much  work  oould  be  saved  in  developing 
"optimal"  media  by  studying  only  the  six  other  constituents.  Using  9 
concentrations  of  each  of  those  six  variables,  37  flasks  per  run  were 
required. 
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We  have  developed  acre  nearly  optimal  media  for  9 organisms,  using 
the  sane  concentrations  of  trace  elements  as  in  the  original  basal 
medium,  but  varying  the  concentrations  of  the  other  constituents.  The 
results  are  shown  in  Table  15,  based  on  the  6-variable  method.  Very 
similar  data  have  been  obtained  with  the  triangle  and  the  12-variable 
methods. 

It  is  apparent  that  even  in  these  "optimal"  media  which  contain 
only  essential  nutrients,  there  are  very  large  increases  in  the  amount 
of  growth  ocsqpared  with  the  "standard"  (original)  medium.  This  varies 
from  3-fold  with  D.  auerolna  to  37-fold  with  A.  mellea.  Prom  the  data 


from  3-fold  with  D.  cuerolna  to  37-fold  with  A.  mellea.  Proa  the  data 
obtained  by  the  various  methods,  it  has  bow  found  in  general  that  the 
factors  most  critical  in  increasing  growth  are  the  concentrations  of 
gluoc.  nitrogen  and  potassium  phosphate,  and  to  some  extent  the 
proper  ratio  of  potassium  phosphate  to  magnesium  sulfate. 
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TABUS  15 

•OPTIMAL*  mil  FOB  GROWTH  OF  ODtXAIX  MOOD-ROTTI*}  FOCI  H SHAKE  CULTURE 

Criterion  of  •growth*  is  dry  weight  of  mycelium  produced  per  70  al« 
of  medium  la  250-el*  frlwnmsysr  flask*  *1811101  pH*  is  that  of  medium 
before  inoculation  and  is  optimum  for  each  organism,  Temperature  of  in- 
cubation « 20OQ*  Six  wariables  (all  except  traoe  elements)  run  at  ease 
tins* 


Constituent 

A 

Original  j 

basal  i 

medium 

(Table  1) 

Composition  of  meSla  optimal  for  indicated 
brown  rote 

P«  pal-  L*  D.  quer-  T,  a er-  F.  sub- 

ustrls  trabea  aim  lolls  roeeue 

1 ; 

Glutamic  acid  * 

0.012 

i 

i 

0.1 

0. 

02 

0.04 

0.12 

0.06 

Glucose  • 

1.00 

1 

12.0 

8.0 

10.0 

16,0 

10.0 

KH^O 4 » 

0.15 

0.5 

0. 

4 

0.4 

0.5 

0.6 

«^o4* 

0.*5 

0.05 

0. 

1 

0.1 

0.05 

0.04 

This  nine  ** 

1.00 

2.0 

4.0 

3.5 

■ 1*5 

2.5 

Zn  ** 

0.07 

Fe  ** 

0.05 

Mo  ** 

('.O'. 

! 

1 * 

| Some  as  in  original  basal 

*ndlu? 

(A) 

B ** 

O.iO 

r 

1 .*• 
i 

, 1 

1 te  ** 

o.cx 

i • 

) 

Cu  ** 

o.  01 

1 

1 

J 

Initial  pH 

5.5 

5.2 

4.4 

4.8 

4.6 

4.2 

Culture  age,  days 

7,  U 

14 

7,1 

i H 

14 

7 

14 

Mg.  growth  in  4 

45 

78 

92 

152 

69 

74 

Mg.  growth  in  £ 

402 

652 

735 

482 

789 

298 

Growth,  B/A  x 100 

89A0 

8360 

8000 

3170 

11450 

4030 

• Expressed  in  0. 

For  glutamic 

sold,  as 

I nitwits* 

**  Expressed  as  rag. 

per  liter  of 

medium. 
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k 

a 

Constituent 

Original 

basal 

rasdlua 

(Table  1)  ' 

Composition  of  aedia  optiaal  for  Indies tad 
white  rots 

7.  geo-  P.  tulip-  A.  ael-  L.  tig- 

tropus  iferus  lea  rlous 

Olutaalo  sold  * 

0.012 

0.12 

0.14 

0.06 

0.10 

Glucose  * 

1.00 

4.0 

20.0 

14.0 

12.0 

KHjPO*  * 

0.15 

0.8 

0.4 

0.3 

0.6 

MtfO*  * 

0.05 

0.025 

0.1 

0.2 

'0.b4 

Thiamine  *• 

1.00 

1.5 

1.0 

3.0 

2.0 

2n  ** 

0.07 

) 

Pe  *» 

0.05 

♦ 

i 

i 

Me  »* 

0.01 

B »* 

0.10 

| Same  as 

i 

in  original  basal 

medium  (4) 

Mn  »* 

0.01 

« 

f 

1 

t 

> 

Cu  ** 

0. 01 

Initial  pH 

5.5 

5.2 

6.0 

50 

5.4 

Culture  age,  days 

7,  14,  21 

7 

7, 

14 

21 

7 

Hg.  growth  in  £ 

• 

125 

66 

1 

90 

25 

90 

Mg.  growth  In  £ 

1350 

259  j 552 

925 

924 

Growth,  B/A  x 100 

1080* 

392$j  613$ 

3700$ 

1025$ 

* Expressed  in  $, 

For  glutamic  acid,  as 

LMi£2£2fi. 

**  Expressed  as  mg,  per  liter  of  medium, 
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It  will  be  noted  fro*  Table  10  that  three  organ la ae  — F.  offlolralls. 

LuiitUflaiU  LJLifeaateili  — oould  not,  grow  la  any  medium 
(nitrogen  sourco)  except  malt  extract.  In  addition,  1.  aellea  did  not 
or if ir oily  grow  well  even  in  salt  extract,  and  did  net  originally  grow 
at  all  in  the  glutamic  acid  medium  or  other  nitrogen  sources  except 
ooeein  hydrolysate.  The  special  growth  requirements  of  these  fora 
organisms  were  therefore  investigated. 

The  poor  growth  of  A.  aellea  apparently  was  due  to  a combination 
of  factors*  First,  continued  subculture  so  "trained"  the  organism 

i 

that  fair  growth  was  finally  obtained  in  malt  extract  and  in  glutamic 
acid  medium  (Table  10).  The  meohanlsa  of  this  training  was  not  investi- 
gated. Secondly,  poor  growth  resulted  in  port  from  the  too  high  degree 
of  oxidation  of  most  media  (Eh  - -f- 400  to  4*500  m.v. , Table  14) • 

Good  growth  was  obtained  in  the  synthetle  medium  with  oystelne  (Eh  s 
4-300  m.v.),  which  is  a reducing  agent,  as  mentioned  above  in  the  section 
on  oxidation  - reduction  potentials. 

Growth  of  P.  luteoflbrata  was  limited  in  malt  extract  (Table  10) 
and  the  organism  dVc.  cut  up->n  subculture  in  the  other  media.  Lack 
of  growth  apparently  i.*  due  xsrsoly,  at  least,  to  acid  production* 

Daily  pH  readings  shewed  that  the  pH  drops  very  rapidly,  aoid  being 
produced  as  the  recult  of  only  a few  milligrams  of  growth.  By  readjusting 
the  pH  at  2-day  intervals  to  the  original  pH  5.5,  good  growth  was 
obtained  in  a variety  of  media.  A buffer  solution  sufficiently  concentrat- 
ed to  maintain  the  original  pH  inhibited  growth  of  the  organiso. 

As  regards  the  poor  growth  of  P.  vaillantii  and  F.  officinalis, 
cortain  essential  nutrients  were  lacking  in  the  original  basal  medium* 


This  was  determined  by  developing  special  synthetic  media  based  on  the 


o 


"standard”  medium,  These  media  are  shown  in  Tablo  16,  where  it  is 
seen  that  both  organ is as  require  adenine  in  the  basal  aediun,  and 
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that  P.  waillantll  has  additional  miniaum  requirements  for  biotin  and 
riboflavin  in  addition  to  thiaain. 
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TABUS  16 

SYNTHETIC  KDIA  FOR  IOQD-ROTTINO  M8BI  NOT  Q ROWING  II  •STANDARD*  8YN- 

TBBTIC  MEDIUM. 

fi 


Constituent 


Glutamic  aoid  * 
Glucose  * 

n2ro4» 

«*so4" 

Thiamine  ** 

Zo  ** 

Fa  ** 

Mo  ** 

B ** 

Mb  *» 

Cu  M 

Adenine  ** 

Additional 

requirements 

Initial  pH 

Mg.  growth  in 
malt  extract 


Original 

medium 
(Table  1) 


0.012 

1.00 

0.15 

0.05 

1.00 

0.07 

0.05 

0.01 

0.10 

0.01 

0.01 

0 


5.5 


Composition  of  media  for  growth  of  indi- 
cated fungi.  All  cultures  14  days  old. 


F.  officinalis 


P.  walllantil 


0.10 

10.0 

0.7 

0,03 

2.0 


0/06 

10.0 

0.5 

0.05 

3.0 


as  in  basal  original  medium  (A) 


18.0 


4*5 


63 

296 

47056 


‘ Mg,  growth  in  s. 

Growth,  B/malt  ext.  y 100 
* Expressed  in  56.  For  glutamic  acid,  as  56  nitrogen. 
**  Expressed  as  mg.  per  liter  of  medium. 


20.0 

Biotin  — 2 gammas  per 
liters  riboflavin 
2 mg.  per  liter 

5.0 


96 

115 

12056 
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VITAMIN  RELATIONSHIPS  IN  SYNTHETIC  MEDIA 

It  has  already  been  found  that*  1,  T«  serially  and  Pa  rubeaoena 
require  no  vitamins  in  synthetic  media  (Tables  10  and  11).  2.  All 

other  species  studied  require  thiamin  (Tables  10  and  11),  although 
P.  palustris  and  P.  tullslferus.  at  least,  can  substitute  biotin  for 
thiamin  (Tabled).  3.  Vitamins  and  nutrilites  other  than  thiamin 
may  stimulate  growth,  but  generally  are  not  essential  (Table  4)* 

4.  F.  officinalis  and  P»  vaiilantii  require  adenine  in  addition  to 
thiamin,  and  the  latter  also  needs  biotin  and  riboflavin.  Further 
studies  have  been- made  of  some  of  these  relationships  of  vitamins  to 
growth. 

Substitution  of  biotin  for  thiamin.  Following  up  a previous  observa- 
tion that  with  two  organisms  biotin  oould  be  substituted  for  thiamin, 
we  have  studied  the  rest  of  our  wood-rotting  fungi  in  this  regard  in 
the  basal  medium  with  glutamic  acid  but  without  thiamin*  Preliminary 
studies  showed  that  2 gammas  per  liter  of  biotin  gave  approximatly 
maximum  growth,  so  this  concentration  was  used  throughout.  The  results 
ore  tabulated  in  Table  17.  For  most  organiems,  biotin  gave  continued 
growth  in  aerial  subculture,  although  the  amount  of  growth  at  the  end 
of  7 days'  incubation  was  not  usually  as  great  as  with  thiamin.  Certain 
organisms  died  out  in  biutin,  namely,  L.  saeniaria.  P.  beiuiinus. 
Ee-AfflSifeiS*  P..S9QPg  and  g*JtagCaiiaia>  P.  luteofibrata,  A.  mellea, 

F.  officinalis  and  P,  vaillantil  which  have  special  nutrient  requirements 
(see  previous  section)  did  not  grow  at  all  with  biotin.  These  results 
suggest  that  most  of  the  organisms  have  two  metabolic  pathways  for  their 
basic  metabolic  activities.  Microbiological  essays  for  thiamin  were 
carried  out,  on  all  culture  filtrates  before  and  after  growth,  but  no 
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EFFECT  OF  SUBSTITUTION  OF  BIOTIN  FOR  THIAMINS  ON 
GROWTH  OF  WOOD  ROTS  IN  SHAKE  CULTURE  AT  2ft°C9 

Basal  medium  (Table  1)  plus  glutamic  acid  (to  nitrogen  of  0.012^),  with 
thiamine  (1  mg,  per  liter)  arid  with  biotin  (2  gamma  per  liter)  substituted  for 
thiamine.  Medium  was  adjusted  to  approximately  optimum  pH  for  each  o»ganism 
(see  Table  7).  Standard  inoculum  used.  Growth  response  expressed  as  milligrams 
of  dry  weight  of  mycelium  per  70  ml,  of  medium.  All  data  are  averages  of  dupli- 
cate, 7-day  cultures.  Figures  for  growth  in  thiamine  are  third-transfer  data;  * 
for  growth  in  biotin,  Column  A is  third-transfer  and  Column  B is  ninth-transfer, 
unless  otherwise  indicated.  A superscript  after  a zero  shows  the  number  of  the 
serial  transfer  in  which  growth  died  out. 


Mycelial  weight  - milligrams 


with 

with 

Organism 

thiamine 

biotin 

A 

B 

Brown  rots  - 

Cpniophora  cerebella 

24 

20 

17 

D&edalea  quercina 

19 

18 

20 

Fomes  officinalis 

0 

0 

0 

Femes  meliae 

95 

65 

62 

Fomss  roseus 

32 

19 

22 

Fomes  subroseus 

77 

50 

54 

Lentinus  lepideus 

20 

12 

14 

Hydnum  pulchsrrimum 

24 

22 

21 

Lens i tea  saepiaria 

18 

5 

Lensitoa  striata 

10 

26 

24 

Lenzites  trabea 

89 

33 

32 

Meruliua  lacrymans 

33 

20 

19 

Folyporuo  betulinqa 

86 

5 

„L 

\W’ 

Polyporus  imitus 

24 

; 

Polyporus  palustris 

86 

45 

51 

Pwlypone  spraguei 

28 

29 

3« 

Polyporus  aulphureus 

36 

29 

28 

Polyperus  schweinitzii 

35 

22 

22 

Peria  eleraceae 

no 

77 

75 

Peria  oeoes 

30 

9 

ft 

Poria  incra8sata 

45 

©2 

0 

! 


(continued  en  next  page) 
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Of 

idth 

with 

biotin 

k 

S 

Brown  rets  (eont'd) 

Pori*  lutooflbrata 

24 

t2 

C 

Porta  aontloola 

98 

62 

60 

Peris  nigra 

115 

38 

33 

Ports  Yaillantii 

0 

8 

0 

Ports  xantha 

78 

59 

58 

Ptyohogaator  rubaaoane 

128 

67 

69 

Trass  t—  a art  si  la 

40 

28 

38 

Trdmeteo  m&llcola 

43 

22 

24 

Hhita  rota  - 

Amillsris  ms  Ilea 

0 

0 

0 

Fossa  axmosus 

66 

39 

38 

Fan  feoantariua 

4 

5 

6 

Foaes  gsotropus 

58 

30 

26 

Foasa  pint 

38 

18 

17 

Lent inns  tigrinua 

IX 

16 

Id 

Paniophora  gigantaa 

115 

40 

33 

Polyporus  abiattnua 

134 

22 

27 

Polyporus  fuuosua 

20 

25 

23 

Polyporus  versicolor 

92 

84 

87 

Ports  subacida 

60 

28 

29 

Polyporus  snoops 

54 

27 

29 

Polyporus  tulipiferua 

76 

34 

31 

o 
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thiamin  was  found.  Thiamin  assays  of  the  myoellom  of  the  organisms 
after  growth  were  somewhat  inconclusive,  aa  good  digeata  of  the 
mycelium  oould  not  be  cade.  The  assay  data  Indicate  that  a few 
organisms  contain  traoea  of  thiamin  in  the  syceliua,  but  apparently 
approciablo  quant it lea  of  thlawln  are  not  ajnthealaed  during  growth  with 
biotin. 

Effect  of  components  of  the  thlaalno  molocule.  Previoua  preliminary 
data  had  aiygested  that  oertain  wood  rota  oould  utilise  one  or  the  other 
component  of  the  thiamine  molecule,  inatead  of  requiring  the  whole 
molecule.  Teats  with  15  selected  organ lama  were  run  to  inveetlgate 
this  point,  using  the  basal  medium  plus  glutamic  acid.  The  following 
were  added  separately  to  this  medium*  thiamine  (control),  thiasole, 
"pyrimidine"  (2-oethyl-5-broooaethyl-4-aminopyrimidine  dihydrobromide 
instead  of  the  chloride),  and  t hi azole  plus  pyrimidine.  The  thiasole 
and  pryimidine  were  used  in  concentrations  equimolar  to  thiamine.  The 
results  are  tabulated  In  Table  18. 

It  is  apparent  that  the  organisms  fall  into  five  groups  as  regards 
their  ability  to  utilise  thiamine  components.  Group  1 organisms  require 
the  whole  thiamine  molecule;  Group  2 organisms  can  grow  in  thiasole  plus 
pyrimidine,  but  not  in  either  of  the  separate  components;  species  in 
Group  3 utilize  thiasole  plus  pyrimidine,  and  thiasole  alone,  but  not 
pyrimidine  alone;  Group  4 species  grow  in  thiazole  plus  pyrimidine,  and 
in  pyrimidine  alone,  but  not  in  thiasole  alone;  Group  5 contains  species 
which  can  utilize  thiasole  plus  pyrimidine,  thiasole  alone,  or  pyrimidine 
alone,  in  addition  to  the  thiamine  molecule.  These  groups  are 
reflections  of  various  synthetic  mechanisms  in  the  different  species 
of  brown  and  white  rots. 
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EFFECT  OF  CC3G>0NEKTS  OF  THE  THIAMINE  MOLECULE  ON 
GROWTH  OF  WOOD  HOTS  IN  SHAKE  CULTURE  AT  26°C. 

Basal  medium  (Table  1)  plus  glutamic  acid  (to  nitrogen  of  0,0125?),  with 
thiamine  control  (1  mr,  per  liter)  and  with  thiasole  (0.42  mg.  per  liter)  and 
pyrimidine  (as  bromide  instead  of  chloride,  0-84  mg.  per  liter)  substituted 
for  thiamine  in  concentrations  equimolar  to  thiamine.  Media  were  adjusted  to 
approximately  optimum  pH  for  each  organism  (see  Table  7),  Standard  inoculum 
used.  Growth  response  expressed  as  milligrams  of  dry  weight  of  mycelium  per 
70  ml.  of  medium?  No  growth  without  added  nutrilitos*  All  data  are  averages 
of  duplicate,  7-day  cultures,  after  three  serial  transfers  in  the  given  medium. 
Brown  rots  and  white  rots  indicated  by  (B)  and  (W)  respectively. 


Mat  weight  ->  milligrams 


Organism  Thiamine 

'"ThlakeirX 

P'vr^iiine 

Thiazole 

Pyrimidine 

Groan  1 

Lentinus  lepideus  (B) 

22 

0 

0 

0 

Polyporus  ismitus  (B) 

18 

0 

0 

0 

Group  2 

Fanes  meliae  (B) 

100 

40 

0 

0 

Lena it es  trabea  (B) 

90 

46 

0 

0 

-2 

Polyporus  betulinus  (P) 

93 

89 

80 

ft 

Polyporus  tulipiferus  (W) 

85 

83 

130 

0 

Group  4 

Trams te s malicola  (b) 

38 

25 

0 

20 

Trametes  serialis  (B) 

72 

70 

0 

35 

Group  5 

Pomes  roseus  (B) 

35 

31 

23 

25 

Polyporur  anceps  (W) 

62 

43 

36 

35 

Polyporus  sohweinitzii  (B) 

33 

23 

20 

22 

Pomes  annosus  (W) 

68 

78 

74 

68 

Femes  pini  (W) 

26 

25 

30 

25 

Fanes  subrooeus  (B) 

75 

73 

70 

65 

Polyporus  palustris  (B) 

92 

88 

84 

86 

104 

( ) UlastouxL  irgrrth  tf  ittaito  ffrc  w*  of  jaaaiMfcgagl&  *&&■  aether 

of  those  vitamins  hod  previously  been  tried,  and  vitamin  ( *Cobioce", 
Mrrck)  is  only  newly  available.  They  were  used  in  the  synthetic 
medium  (Table  1)  with  glutamic  sold  (0.012$  nitrogen)  and  thiamine 
(1  mg.  per  liter).  Vitamin  ***  used  in  a concentration  of  0.1 
gamma  por  litor,  and  p-e-b  as  2 mg*  per  liter. 

The  following  organisms,  tasted  with  vitamin  Bj£  Plus  thiamine, 
showed  no  difference  in  growth  in  the  presence  of  this  vitamin  than 
in  its  absence  (thiamine  only)*  P,  tullniferus.  P.  incrassata.  P.  montloola. 
P.  Pales trie.  L-JB&EgggML*  L.  trabea.  P.  anoepe.  F.  roseus. 

F*  meliae.  F,  officinalis.  P.  xantha.  P.  coops.  P.  nigra,  E« Igflflal* 

and  P.  vaillantil.  (The  latter  two  organisms  did  not  grow  with  thiamin.) 

The  follorinc  organisms,  tested  with  p-omlnobcnsoio  ecid  plus 

\ 

! t hi amino,  showed  no  difference  in  growth  in  the  presence  of  this  nutrilite 

than  in  its  absence  (thiamine  only)*  P.  tulloiferus.  P.  anoepe.  P.  pqlyatris. 
luJgP^dqHS. 
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UTILIZATION  OF  DXTRTiSNT  CARBON  COMPOUNDS 

It  kss  nrwvlously  boen  shown  (section  on  Utilisation  of  different 

ferns  of  organic  and  inorganic  nitrogen  in  synthetio  nedia)  that 

P.  palustris  and  P.  tulioiferns  oould  not  use  any  amino  acid  as  its 

sole  source  of  carbon,  and  that  none  of  our  wood  rots  oould  use  1-glutamio 

aoid  as  a sole  source  of  oar bon.  Carbon  sources  other  than  amino  acids 

and  glucose  hare  been  studied  as  regards  their  utilisation  by  P.  palustris 

and  P,  tulloif crus. adding  tbs  compounds  to  the  basal  medium  (plus 

glutamic  aoid)  in  place  r f glucose. 

The  concentration  of  eaoh  carbon  souroo  was  auch  ae  to  give  a 

carbon  concentration  equivalent  to  that  in  the  standard  1J6  glucose. 

Utilisation  of  caoh  compound  is  expressed  as  milligrams  (dry  weight)  of 

mycelium  In  the  third  serial  subculture  in  standard  shake  flasks.  The 

results  are  shown  in  Table  19.  It  is  apparent  that  both  organisms 

utilise  tho  seme  carbon  compounds,  and  that  all  compoundc  are  utilised 

e 

exoopt  certain  organlo  acids  - acetic,  oltrlc,  malic,  and  tartaric. 

Pyruvic  and  succinic  acids  apparently  were  metabolised,  although  to  a 
lessor  degree  than  most  of  toe  other  carbon  oompounds.  The  amount  of 
growth  in  glycerol  is  striking. 
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TABLE  19 

Qrowtn  of  P.  paluatris  and  P.  tullclferus  in  shako  culture  at  28° 
C,  in  the  basal  medium  with  various  carbon  oompounda  substituted  for 
gluaose. 

Growth  expressed  as  milligrams  (dry  weight)  of  mycelium  per  70  ml. 
of  medium.  Date  are  averages  of  duplicate,  7-day  cultures,  after  throe 
serial  transfers  in  the  given  nutrient.  Original  inoculum  from  basal 


medium  with  glucose. 
Carbon  source 

P.  tuliPifPTUS 

mg. 

ng. 

Acetic  acid 

0 

0 

Citric  acid 

0 

0 

Fructose 

63 

14 

Galactose 

26 

39 

Glycerol 

149 

138 

* Lactic  acid 

37 

29 

Lactose 

41 

17 

Male io- acid 

0 

0 

Maltose 

63 

84 

Pyruvic  acid 

19 

17 

Succinic  acid 

33 

29 

Sucrose 

43 

17 

Starch,  soluble 

63 

69 

Tartaric  acid 

0 

0 

Gluoose  (control) 

96 

77 

107 

Studies  of  carbohydrate  utilization  (oxidation)  also  were  made 
using  the  Y/arburg  respirometer.  Utilization  is  measured  in  terms  of 
oxygen  uptake  under  standard  conditions  (exogenous  respiration).  Only 
?.  ca3ustrla  has  been  studied  in  this  regard,  as  great  difficulty  was 
experienced  in  developing  a proper  technique  with  the  wood  rots.  The 
ntanometric  technique  is  a more  delicate  one  than  fermentation  for 
studying  carbohydrate  utilization. 

For  consistent  results  in  measuring  the  oxygen  uptake,  the  inoculum 
must  be  properly  prepared  and  standardized*  . After  many  trials  to  obtain 
a uniform  mycelial  suspension  with  a high  exogenous  respiration,  the 
following  procedure  was  the  best  that  could  be  devised.  From  a stock 

culture  of  the  organism  on  a potato  dextrose  agar  slant,  transfer  a 

* 

small  piece  of  mycelium  to  70  ml,  of  2 % malt  extract  in  a 250-ml.  Erlen- 
meyer  flask.  Incubate  at.  28°  C.  on  the  shaking  machine  for  5 days  to 
produce  pellets.  Transfer  the  contents  of  the  flask  to  a Waring  blcndor 
and  blend  the  pellets  for  one  minute.  Transfer  an  aliquot  of  the  blended 
suspension  to  a 15  ml.  centrifuge  tube  and  spin  down  for  two  minutes  at 
2000  r.p*m.  Discard  the  supernatant,  resuspend  the  cells  Ja  distilled 
water,  and  centrifuge  again.  Resuspend  the  colls  in  distilled  water  to. 
give  a suspension  of  about  1056  by  volume.  One  ml.  of  this  suspension 
is  then  used  to  inoculate  70  ml.  of  256  malt  extract  in  a 250-ml.  Erlsn- 
meyer  flask  for  starting  the  final  inoculum.  Incubate  on  the  shaking 
machine  for  48  hours  to  obtain  the  basic  inoculum  for  the  Marburg  deter- 
minations. The  pellets  may  now  either  be  blended  in  a Waring  blonde 
for  5 seconds,  or  transferred  intact  to  a 50  ml. centrifuge  tube.  Unblended 
pellets  give  somewhat  better  results  later.  In  cither  case  centrifuge 
at  2000  r.p.tn.  for  2 minutes,  wash  with  distilled  water,  and  repeat  three 
times.  After  the  final  centrifugation  resuspend  the  colls  in  50  nil.  of 
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phosphate  buffer,  pH  5.5,  transfer  to  a 250-ml.  Erlonmeyer  flask,  rad 
put  on  the  shaking  machine  for  24  hours  to  starve  the  cells  in  order  to 
deorease  endogenous  respiration.  Centrifuge  the  cells  and  resuspend  in 
phosphate  buffer  to  give  a suspension  of  approximately  2056  by  volume* 

One  ml.  of  this  inocvlum  is  used  per  flask  in  the  'Yarburg  apparatus. 

Using  the  above  standard  inoculum,  the  oxygen  uptake  of  Polvnorua 
palustris  was  determined  manometrically  with  several  carbohydrates  in 
1 % concentration  as  substrates.  The  endogenous  respiration  of  the 
starved  'ells  was  measured  at  the  same  time,  and  the  exogenous  figures 
corrected  for  the  endogenous  value.  Table  20  shows  the  corrected  oxy- 
genous respiration  values,  expressed  as  micro-liters  of  oxygen  per 
milligram  of  cells  per  hour.  The  values  shown  are  averages  of  triplicate 
determinations.  (Endogenous  values  varied  between  afcaut  1 and  2 micro- 
liters Og/mg./hr.) 


TABLE  20 
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C) 

Exogenous  respiration  of  P.  palustrls  on  various  carbohydrates, 
corrected  for  endogenous  respiration.  Oxygen  uptake  expressed  as  - 
filer ©liters  /mg. /hr.  Figures  are  averages  of  triplioate  determinations. 


Average 

^l./we./hr. 

Standard 

Fructose 

2.29 

0.54 

Galaotose 

2 .14 

0.12 

Sucrose 

2.13 

0.06 

Gluoose 

2.02 

0.12 

Maltose 

1.94 

0.16 

d-ifcumoae 

1.92 

0.11 

Dextrin 

1.73 

0.12 

d-Zylose 

1.67 

0.12 

Glycogen 

1.60 

0.14 

Arabinoee 

1.49 

0.17 

Cellobiose 

1.20 

0.16 

Laotoee 

0.49 

0.05 

d-Riboae 

0.43 

0.07 

1-Rhamnose 

0.16 

0.05 

The  data  in  Table  20  shoe  that  this  organism  utilises  all  of  the 
carbohydrates , although  laotoee,  ribose  and  rhomnose  are  used  rather 
poorly.  (All  oxygen  uptake  value#  for  this  organism  are  rather  low 
compared  with  most  baoteria,  other  fungi  and  other  typos  of  oells. 
Whether  this  is  normal,  or  whether  the  beet  teohnique  has  not  been 
developed,  is  not  known.) 
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Qp  QfaO  <TH  Ik  BOWLS  CULTtJMS 

These  studies  were  carried  out  to  compare  certsdn  Aspects  of  growth  la 
large  aerated  cultures  with  that  in  shake  culture,  to  determine  the  amount  of 
growth  and  add  produced  when  the  pH  was  and  was  not  adjusted  periodically,  and 
to  determine  the  amount  of  acid  produced  (tit ratable  acidity)  during  growth 
and  fermentation*  The  nitrogen  sources  - - glutamic  add,  amoniua  sulfate, 
ammonium  nitrate  end  ammonium  carbonate  - - were  added  singly  to  the  basal 
medium  (Table  1)  in  a concentration  to  giro  0,01231  total  nitrogen  in  each  case. 

The  concentration  of  glucose  used  was  oqU  instead  of  IX  as  used  in  shake 
culture*  Thlamino  was  added  ae  1 mg*  par  liter,  and  adenine  as  13  mg*  per 

liter,  the  latter  to  stimulate  growth  and  fermentation.  One-liter  quantities 

. ; 

of  medium  were  used  in  2-quart  bottles  (Fig.  2,  abort  ),  end  incubation  was 
at  20*  for  7 days*  Sterile  air  waa  forced  through  the  cultures  at  a rate  of 
approximately  2 liters  per  minute* 

The  following  organisms  were  studied  in  aerated  bottle  culture:  £* 
pains trie.  L.  lspjdeua.  P*  rube scene.  P.  tulinif erue . and  F*  annosus.  Two 
serieu  of  teats  were  run  concurrently  - in  one  set  the  pH  was  adjusted  back 
to  the  original  5*5  daily,  while  in  the  other  set  no  adjustment  was  made* 
Determinations  of  pH,  titre table  acidity  and  nycelial  weights  (dry  basis) 
were  mads  at  the  end  of  7 days*  Table  21  shows  the  results  of  these  experiments* 

The  data  in  Table  21  show  that  there  was,  in  general,  lees  difference  than 
Blight  be  expeoted  in  the  amount  of  growth  whether  the  pH  was  adjusted  daily  or  not 
adjusted  at  all  during  incubation*  These  differences  were  most  marked  in  ammonium 
sulfate,  in  which  all  organisms  produced  appreciably  more  total  growth  in  7 days 
when  the  pH  was  adjusted  daily*  P,  ;yf  in  glutamic  acid  also  is  noteworthy* 

There  were  greater  differences  in  the  amount  of  acid  produced  as  regards  pH  adjust- 
ment, although  these  differences  were  not  consistent  even  with  e given  organism* 
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TABLE  21 

GROWTH  OP  v/OCD  ROTS  IN  AERATED  BOTTIE  CULTURE 

Culture  medium:  basal  medium  rith  glucose  (0*55»)»  thiamine*  adenine , nitrogen 
source  ( 0.012$  total  nitrogen).  Original  volume  of  medium:  1 liter;  original 
pH  * 5.5.  Aeration  rate:  2 liters  per  minute.  NaOH  givea  as  total  cl.  of 
N/0.  25  used  to  neutralize  10  ml.  of  medium  during  7 days. 


pH  adjusted  daily  & pH  not  adjusted 


NaOH  i 

1 

NaOH 

Nitrogen 

Mycelial 

Final 

to  neut-  ( 

1 vJtpcelial 

Final 

to  neut 

source  and 

weight  - 

pH- 

ralise  - 1 

i weight  - 

pH  - 

ralize  < 

organism 

7 days 

ZJSX* 

ZJSEL-  ! 

U&L-. 

7 days 

gffiS  s 

pH 

ml. 

gen. 

pH 

ml. 

Glutamic  acid 

V 

i 

F.  paluatris 

0.6008 

2;9S 

1.47 

‘ 0.8688 

2,05 

i;i 

L.  lepideua 

0.5917 

4.92 

0.05 

i 0.6513 

4.88 

0.05 

P.  rubescena 

1.8702 

6;oo 

-* 

K 0,8821 

6.05 

- 

P.  tuiipiferus 

3.0000 

5.90 

0.26 

3.3500 

5.50 

0 

F.  annosus 

0.2820 

6,50 

-0.06 

1 

! 0.3990 

8.20 

(MUjSOj, 

i 

i 

1 

i 

i 

F.  paluatris 

0.4533 

2.60 

0.51  i 

:i  0.3581 

2.62 

1,13 

L.  lepideue 

0.6979 

3.32 

0.16  F 

><  0,2806 

3.72 

0.09 

P*  rube scans 

1.5382 

5.10 

0.20 

4 1.0420 

3.02 

0.80 

P,  tuiipiferus 

1.1520 

6.00 

-0,05  ! 

? 0.9450 

5.50 

-0.10 

7.  annosus 

0.1930 

5.70 

-0.02 

t 0.1030 

l 

5.50 

0 

nh^no3 

\ 

» 

1 

F,  paluatris 

0.6102 

2.22 

0.27 

? 0.45a 

2;i2 

0.11 

L.  lapideue 

0.4063 

6,60 

. ' ! 

t O.U98 

7.20 

F.  rubescena 

0.8526 

6.50 

| 

} 

? 0.7487 

6.10 

- 

F,  tuiipiferus 

0.1Q/>0 

5.95 

0.14 

! 0,3020 

5.50 

0 

F.  annosus 

0.0380 

6.20 

-0.06 

0,0090 

5.00 

0.01 

(%)2co3 

i 

1 

t 

> 

P,  palustris 

o» 

- 

1 

1.092 

2.90 

1.2 

L.  lepideus 

- 

- 

- 

- 

- 

- 

F.  rubescens 

0.0316 

6,50 

0.42 

0,8317 

3i50 

0,37 

F9  tuiipiferus 

0.1270 

4,90 

0,14  ! 

0.1010 

4.90 

0,11 

F.  annosus 

0,0310 

6.20 

-0.10 

: 0.0150 

6.50 

-1,10 
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In  one  medium  an  organism,  e.g,,  P,  palv^tris,  produced  more  total  acid 
when  the  pH  was  adjusted,  while  in  another  medium  the  same  fungus  produced 
more  acid  when  the  pH  was  not  adjusted  from  day  to  day.  It  appears 
Impossible  to  generalise  as  regards  the  effect  of  adjusting  pH  during 
growth. 

The  results  show  that  in  glutamic  acid,  P,  tuliplferus  made  by  far 
the  best  growth,  and  the  amount  was  twice  as  great  as  any  other  organism 
in  any  nitrogen  source.  In  ammonium  sulfate.  P.  tuliplferus  and 
P,  rubes aons  wera  nearly  the  same  in  production  of  mycelium,  while  in 
ammonium  nitrate,  P.  rubeeoena  produced  nearly  twice  as  much  growth  as  any 
other  organism  in  that  compound.  The  greatest  amount  of  growth  in 
ammonium  carbonate  was  produced  by  ?.  p&lustris.  F.  annosua  grew  best  in 
glutamic  acid,  while  L.  lopldeus  also  favored  glutamic  acid  over  the 
inorganic  nitrogen  compounds.  Thus  tho  various  fungi  differ  among  them- 
selves as  regards  their  best  nitrogen  sourer,  although  in  general  glutamic 
acid  supported  more  growth  than  the  inorganic  nitrogen  compounds. 

Whereas  in  shake  culture  acid  is  invariably  produced  (Tables  8 and  9 
above),  in  the  aerated  cultures  the  pH  was  more  alkaline  at  the  end  of 
7 days  with  certain  organisms  in  various  nitrogen  sources.  P.  galustris 
was  consistently  the  best  acid-producer  in  all  media,  while  the  other 
organisms  sometimes  produced  an  acid  reaction  and  sometimes  an  alkaline 
one  by  the  end  of  the  incubation  period.  A possible  explanation  for  the 
alkaline  reaction  may  be  that  because  of  the  relatively  high  rate  of 
aeration  in  the  bottle  cultures,  organic  acids  which  are  produced  may  be 
further  oxidized,  forming  alkaline  carbonates. 

The  above  studies  shew  that  controlled  growth  in  mas."  culture  is 
feasible.  Pellet  size,  and  to  some  extent  tho  total  amount  of  growth,  is 
controlled  by  the  rate  of  aeration.  Tho  compressed  air  is  readily 
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sterilized  by  passage  through  dry,  sterile  fiber-glass  filters.  The 
method  is  useful  in  the  quantity  production  of  mold  enzymes  and  fermenta- 
tion products  for  analysis, 

CHEMICAL  PRODUCTS  OF  FERMENTATION  AND/OR  SYNTHESIS  OF  THE  WOOD  ROTS 

In  addition  to  cellulolytic  enzymrs  (seo  later),  we  have  observed 
and  studied  to  some  extent  certain  other  metabolic  products.  These 
include  organic  acids,  polysaccharides,  pigments  and  sterols. 

Identification  of  oxalic  and  succinic  acids  as  products  of 
for  mentation.  It  was  noted  (Tables  8 and  9)  that  P,  palustris  produced 
a pH  of  about  2 in  shake  culture  vithln  a week,  hence  this  organism  was 
used  in  studies  to  determine  rhat  acids  were  formed.  The  growth  medium 
used  consisted  of  the  basal  medium  (Table  1),  glutamic  acid  (0.012s£  total 
nitrogen),  thiamine  (1  mg.  per  liter),  adenine  (13.7  mg.  per  liter), 
and  glucose  (0.5%);  pH  5.5  after  aterlization.  The  medium  was  added 
in  1-liter  amounts  to  2-quart  bottles.  Incubation  was  at  28°  C.  for 
1 week  with  forced  aeration  (2  liters  per  minute).  After  incubation 
the  mycelium  was  separated  from  the  culture  fluid  by  filtration,  and  the 
liquid  used  for  the  identification  of  acid  The  chemical  procedure  was, 
briefly,  to  extract  the  culture  fluid  with  ether  in  a continuous 
extractor,  evaporate  the  ether  and  recrystallize.  Elementary  analysis 
was  carried  out  on  the  resulting  white  crystals  and  melting  points  and 
neutralization  equivalents  determined.  The  acid  appeared  to  be  oxalic. 
The  p-toluidide  derivative  was  prepared;  its  melting  point  (269.5°C.) 
checked  closely  with  a known  sample  (269. 3°C.)  (The  literature  gives 
268°C.  as  the  melting  point  of  this  material).  It  was  concluded  that 
the  acid  was  oxalic  acid.  No  quantitative  studies  of  its  production 
have  yet  been  carried  out.  With  Fomes  annosus  in  the  medium  described 
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above,  succinic  acid  was  Identified  by  preparing  silver  succinate. 


i.  Several  of  our  cultures  of  wood  rots  in 


shake  culture  in  synthetic  media  produce  large  amounts  of  "slime M. 


For  F.  mcllae  and 


the  material  appears  to  be  a polysaccharide. 


Figments.  Pigment  production  by  several  of  the  wood-rotting  fungi 
has  been  noted  in  various  synthetic  media  in  shake  culture,  and  has 
included  yellow,  orange,  red  and  brown  coloration  in  the  medium  and/or 
mycelium. 

An  orange,  water  soluble  pigment  was  produced  by  Lenzltes  trabea 
in  various  synthetic  media.  Increased  concentrations  of  certain  of 
the  trace  elements  (iron,  0,1  ~ 0.15  mg./i.;  zinc,  0.14  - 0,21  mg./l.; 
molybdenum.,  0.02  - 0,03  mg./l.;  and  boron  0.02  - 0.03  mg./l»)  caused 
intensification  of  the  pigment.  In  connection  with  the  development  of 
an  optimal  medium  for  L„  trabea  (see  above),  it  was  found  that  pigment 
was  not  produced  when  the  concentration  of  glucose  was  14$  or  acre, 
regardless  of  ether  constituents.  Maximum  pigment  formation  took  place 
in  2 - 4$  glucose.  That  lack  of  pigment  was  not  due  to  increased 
amounts  of  trace  elements  in  the  sugar,  was  shown  by  purifying  the 
glucose  by  solvent  extraction  with  dithiozone  in  carbon  tetrachloride 
and  8 - hydroxyquinoline  in  chloroform.  The  use  of  this  purified  glucose 
still  showed  no  pigment . produced  above  a 14$  concentration.  When  starch 
(up  to  20$  concentration)  was  substituted  for  glucose,  pigment  was  still 
produced,  suggesting  that  the  mechanism  of  inhibition  of  pigment  by 
glucose  probably  was  an  agmotic  phenomenon. 

With  Lent in us  tigrinus.  a yellow-red  pigment  was  produced  in 
synthetic  media.  Pigmentation  varied  with  the  pH  of  the  media,  no 
pigment  being  produced  (or  at  least  apparent)  bolow  pH  4.  At  pH  5.5  the 
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yoelial  pellets  wore  red  and  tbe  solution  yellow)  at  pH  values 

above  this  both  the  pellets  and  solution  were  yellow.  The  pigRjnt 

« . 

in  this  oaae  aoted  to  none  extent  as  an  indioator,  • 

Three  organists  - L.  strlatA.  H.  sallei  and  F,  ninl  produced 
intense  orange  pignentation  in  the  basal  medium  with  glutamio  acid. 

The  pigment  of  L.  striata  was  identified'  as  a oarotlnoUV  probably 
xonthophyll,  by  oheaioal  tests  and  absorption  spootra.  Ft  luieofibrata 

* • ’ * i * 

and  H.  laorymane  in  synthetic  media  produced  a yellow  pigment  which 
turned  red  whon  exposed  to  light. 

\ 

Preliminary  results  with  chromatography  indicated  that  this  technique 
might  be  usoful  in  the  study  of  fungal  pigments. 

' Sterols.  Preliminary  screening  studies  indicate  that:  tone  of  the 
wood  rote  form  sterols  in  malt  extract  media,  and  smaller  amounts  in 
syntbetio  media* 


STUDIES  OH  CKLLULOLTTIC  EMZYICS 

s 

The  wood-rotting  Basidiowycotes  are  virtually  the  only  organise® 
which  can  act  on  cellulose  oocblnod  with  lignin  (as  In  wood),  although 
many  other  types  of  microbee. as  well  as  the  wood  rots,  can  aot  on  more 
or  less  "pure"  cellulose.  It  w^s  therefore  of  great  fundamental  interest 
to  investigate  the  production  and  oharaotoristios  of  tbe  oellulasa(s) 
of  those  fungi. 


Several  methods  were  tried  out  to  screen  organisms  for  oellulolytlo 
aotivity  and/or  assay  cellulose.  For  convenience,  these  methods  usually 
employed  a cellulose  substrate  other  than  wood.  The  methods  dependod 
uponi  A.  Visual  observatiob.  and  B.  Chemical  determination  of  end 
products. 
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A.  Msthods  dopopdeot  upon  rirunl  observation. for  ostiaatjon 

1.  Growth  of  the  fungi  on  cellulose  agar  plates,  - - 
Medium i agar  o on talcing  known  nutrients,  with  added 
btll-oilled  filter  paper  or  wood  meal  to  produce 
opaqueness.  Organisms  streaked  on  surface  and  plates 
incubated j eellulase  production  supposed  to  produce 
sane  of  clearing  around  tho  line  of  growth.  Composition 
of  medium  and  concentration  of  cellulose  rather  orltioal. 
Boat  results  with  base  layer  of  dear  agar  hard  on  od  in 
plate,  then  thin  layer  of  cellulose  agar  on  top.  Slew 
growth  of  organisms  and  lack  of  clearing  in  many  oases 
made  this  method  impractical. 

2.  Growth  in  cellophane  bag.  - - Because  tho  organisms 
attack  oellophane  (regenerated  oellulose)  their  activity 
can  bo  estimated  from  the  time  required  for  the  beg  to 
break.  Begs  made  of  oellophane.  tubing,  and  containing 
culture  fluid,  were  suspended  in  more  culture  fluid 
inside  of  flasks.  Thu  fluid  inside  of  the  bag  was 
inoculated  with  the  organism.  Collulase  breaks  bag  in 

a few  days,  but  mot hod  is  cumbersome  and  not  very 
quantitative.  Refinements  night  make  the  method  usoablo, 
but  probably  not  practical.  Carbozymethyl  oellulose 
film"  also  were  made  fragile,  but  not  cellulose  aootote. 

3.  Growth  in  shake  cultures  containing  finely-divided 
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oellulose.  - - Because  of  difficulty  of  separating 
cellulose  and  mycelium,  the  estimation  of  breakdown  is 
not  readily  done.  Breakdown  of  wood  can  be  estimated  by 
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the  dye-abeorbtioo  method  (see  later),  assuming  that  the 
method  statures  cellulose.  However,  the  dye-absorbtion 
method  is  not  very  suitable  for  the  rapid  determination 
of  relative  oellulose  activity. 

4*  Growth  on  sheets  of  paper.  - - Various  kinds  of  paper 
sheets  were  placed  on  the  surfaoc  of  nutrient  agar, 
inoculated  and  incubated.  Wookening  of  some  types  of 
paper  quite  marked,  but  method  not  considered  as  good 
as  sons  others. 

5.  The  cellulate  assay  tube  (drop-weight  method).  This 
apparatus  can  be  used  either  for  a growing  liquid 
culture  or  for  a filtrate.  It  consists  of  a glass  tube 
open  at  both  ends,  smaller  at  one  end  than  the  other, 
and  with  both  ends  slightly  flared.  The  tube  fits  Into 
the  naok  of  our  standard  shake  flask  (250-ml.  Erlenmeyer). 
The  lower  end  of  the  tube  dips  below  the  surface  of  the 
liquid  (culture  or  filtrate)  in  the  flask.  This  lower 
end  has  a narrow  strip  ox'  cellophane  across  it|  auroral 
stainless  steel  bolls  rest  on  the  oellophane  strip. 

(The  oellophane  is  Dupont  #450  P T,  out  into  strips  0.35 
cm.  wide.  Five  stainless  stool  balls  (ball  bearing)  were 
used;  they  woro  3/8 11  diameter,  and  eaoh  weighed  3.26gm.). 
Production  or  presence  of  cellulose  in  the  liquid  weakens 
the  strip,  allowing  the  balls  to  fall  to  the  bottom  of 
the  flask.  The  time  required  for  the  strip  to  weaken 
sufficiently  for  the  balls  to  fall  is  a measure  of 
ocllulase  concentration  or  activity.  Average  oollulase 
aotivity  allows  the  weights  to  drop  in  72  to  96  hours. 
Unoonoentrmted  oellulose. 
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(See  Figu re  6 below,  for  the  construction  and  assembly 
of  the  apparatus)*  Inis  method  has  been  found  very 
useful  for  screening  of  liquid  cultures  and/or  culture 
filtrates  for  cellulolytlo  aotivity* 

6.  Dye -absorption  method,  i practical  problem  of  some 
concern  has  bocn  th~t  of  determining*  in  the  presence 
of  fungal  mycelium*  the  amount  of  oelluloso  breakdown 
in  sawdust  in  submerged  culture.  It  has  not  been 
possible  to  aeparato  the  fine  sawdust  from  the  pellets 
of  mycelium  for  this  purpose*  hence  ohemioal  methods  of 
determining  breakdown  have  not  provod  feasible.  We 
have  developed  a selective  dye-abaorbtian  method  for 
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this  purpose*  which  appj&rs  to  give  consistent  results* 
While  we  do  not  have  incontrovertible  proof  that  the 
method  measures  the  disappearance  of  cellulose  only,  it 
appoars  probable  that  this  is  the  oase.  Certainly  the 
method  measure?  the  removal  of  some  substance (s)  from 
wood  whioh  has  undergone  fungal  action  in  aerated  culture* 
and  controls  on  pure  oellulosc  and  on  biologically-de- 
graded wood  of  known  lignin  content  strongly  suggests 
that  it  is  cellulose  whioh  the  reetn^d  determines.  The 
method  has  not  yet  been  investigated  sufficiently  to 
guarantee  its  reliability,  but  the  technique  and  recults 
are  herewith  presented  tentatively.  So  far,  only  pine 
sawdust  has  boen  used* 

In  principle,  the  finely-divided  wood,  whioh  has  been 
subjected  ♦o  the  action  of  fungi,  is  stained  in  the 


presence  of  the  fungal  mycelium.  The  cellulose  and 
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probably  the  lignin  take  the  dyo,  and  the  mycelium 
also  ataina  to  acme  extent.  The  first  de-etaining 
(step  4,  below)  apparently  removes  moat  or  all  of  the 
dye  from  the  lignin  and  mycelium,  but  not  from  tbo 
oolluloae.  The  second  de> staining  (stepa  6-8,  below) 
remowea  the  dye  from  tho  cellulose,  the  amount  of  dyo 
present  and  removed  presumably  being  proportional  to 
the  amount  of  cellulose  in  the  cellulose-lignin  complex. 
The  amount  of  dye  removed  by  the  second  do-staining  is 
quantitated  in  a spectrophotometer  and,  by  comparison 
with  a standard  dye  curve  prepared  using  unfermented 
wood  meal,  the  amount  of  cellulose  breakdown  is  obtained. 
The  details  of  procedure  follow. 

The  wood  meal  (80  mesh)  and  mycelium  from  a shake 
culture  (or  other  submerged  culture)  are  collected 
on  an  aa boston  mat  in  a Gooch  oruoiblo  or  in  an 
alundum  filtering  crucible.  The  material  is  then 
treated  as  follows: 

aSflteifig 

1.  Moisten  with  95%  ethyl  eloohol,  thon  suok  dry  with  vacuum. 

2.  Stain  for  5 minutes  with  tho  following  solution,  thee  suok  dry: 


malachite  green 

0.5 

go 

distilled  water 

150 

ml 

ethyl  aicohol,  95% 

50 

ml, 

3.  With  suction,  wash  20  ml.  of  diotillod  water  slowly  through  tho 
cruciblo, 

4*  With  suction,  drip  slowly  through  tho  crucible  20  ml.  of  acid  alcohol 
(1  part  concentrated  HD1  plus  99  pnrto  absolut s ethyl  alcohol)  until 


la 


the  nitrate  la  colorless. 

5.  Air-dry  for  4 hours,  or  for  20  minutes  at  100°C. 

Dv -stain log 

6.  Place  the  crucible  and  its  dried  contents  in  a $0  ml.  beaker,  and 
carefully  pipotte  Into  tho  crucible  without  disturbing  the  mat  of 
wood  meal  and  mycelium,  10  ml.  of  tho  following  solution: 


absolute  ethyl  oloohol 

50  ml 

methyl  alcohol,  95# 

45  ml 

ooncentrated  BD1 

5 ml 

7.  After  30  minutos  tho  crucible  is  removed  from  the  beaker, ' plaood  on 
a stainless  steel  mesh  over  the  beaker,  and  allowed  to  drain  into 
the  beaker. 

6.  An  additional  5 ml.  portion  of  the  above  solution  (6)  is  allowod  to 
drain  through  the  crucible,  and  is  oollocted  in  the  beaker, 

9.  Another  5 ml.  portion  of  the  same  solution  is  used  to  wash  any  dye 
from  the  crucible  and  wire  mesh. 

10.  Tho  volume  of  tho  liquid  collected  in  tho  beaker  is  brought  up  to 
20  ml.  with  more  of  tho  solution. 

11.  An  aliquot  of  the  20  ml.  volume  of  do-staining  solution,  containing 
the  dyo  eluted  from  the  ce3’  '30,  is  quantitated  for  dyo  concentra- 
tion in  a spectrophotometer. 

Tbo  concentration  of  dy»;  compared  with  a standard  prepared  using 
unfermontod  wood,  is  a measure  of  the  amount  of  cellulose  broken  dorm, 

B.  Method  depending  upon  chemical  determination  of  end-products  of 
cellules e activity. 

1.  This  dopende  upen  tho  reducing  characteristics  of  products  of 
dopolynerised  oellulose,  i.e.,  sugars,  etc.  As  cellulose  is 
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enaymatically  attaekad,  the  hydrolytic  action  ia  one  of  splitting  the 
1,  4-B-g lye oa idle  linkage,  making  available  a reducing  group  at  the 
"l”  position.  The  reducing  capacity  of  the  substrate  is  thus  increased, 
such  increase  being  in  relationship  to  the  number  of  linkages  split. 
Metabolic  fluid  from  cultures  of  wood  rots  is  buffered  and  incubated, 
with  a cellulose  substrate,  under  toluol.  Reducing  substances  whioh 
accumulate  result  from  the  action  of  the  cellulose  on  the  cellulose. 

These  substances  are  determined  by  the  Folin-’Vu  method  for  glucose, 
whioh  depends  upon  the  reduction  of  copper  and  of  molybdenum.  The 
intensity  of  blue  oolor  of  the  latter  is  proportional  to  the  amount 
of  glucoao  (or  other  reduolng  substance)  in  the  test  fluid.  Spectrophoto- 
netrioally,  quantities  of  reducing  substances  (expressed  as  glucose)  a a 
low  aa  0.012  mg.  per  ml.  can  be  determined.  This  is  our  preferred  method 
for  quantitative  studies  cf  cellulaao  activity,  although  it  is  not  good 
aa  a rapid  screening  test. 

The  culture  fluid  of  several  wood-rotting  fungi  was  shown  to 
have  oellulolytic  activity,  indicating  the  presence  of  extracellular 
cellulase(s).  Production  (or  aotivity)  of  the  enzyme(s)  was  best 
when  the  organisms  were  grown  in  casein  hydrolysate  medium  with  several 
added  nutilitea.  Qualitatively,  the  ensyme  was  demonstrated  by  various 
methods  (chiefly  the  oellulaso^9say  tube)  in  the  culture  fluid  of  the 
following  brown  rotsi  P.  paluatrls.  1.  striata.  L.  trabea. 

P.  rubes cens.  F.  subrostua.  T.  aerialis.  P.  lmmjtua,  P.  spraguel. 

P.  sohweinitsii  and  ?.  nigra,  and  of  the  following  white  rots  * ancope. 


?.  veraicolor.  F.  fonentarlm  and  F.  Pini.  p^luatris  and  L,  trafrea 
have  been  further  studied  in  some  detail,  and  be  used  to  illustrate 
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method*  and  results* 

Culture  medium.  The  IfflBlsmSS&lg.  developed  to  give  a good 
production  (activity)  of  oellulase,  using  P.  pal us tr is  or  L.  trabea  in 
shake  culture,  is  shown  in  Table  22. 


TABLE  22 


Seal-synthetic  medium  for  oellulase  production  with  P.  palustrls  or 
L«  trabea  in  shake  culture. 


Casein  hydrolysate 
KHjP04 

nr  S<Y  TEjC 
Adenine 
Guanine 
Oracil 


120  rag. /I.  nitrogen 
1.5  g./tl. 

o.5  g.A. 

13  mg.  A. 

13  mg.A> 

13  ng.A« 

1 ng.A. 


Thiamin  5C1 
Glucose  3 g.A* 

Trace  elements  - sane  as  in  Table  1. 


Initial  pH  5.0 


Studies  with  cellulose  as  an  assay  substruts.  P.  palustrls  was 
grown  in  the  seoi-synthetio  medium  (Table  22)  in  lOCO-ml.  /olumes  in 
2-quart  bottles  with  foroed  aeration  for  5-10  days  at  28°C.  The  culture 
was  filtered  through  glase  wool  to  remove  gross  particles,  then  through 
sintered-glass  bacteriological  filters  to  obtain  a cell-free  filtrate. 

Equal  volumes  (5  ml.)  of  the  filtrate  and  0.07  If  phoephate  buffer  (pH  5.5) 
were  put  Into  a 50-ml.  test  tube  containing  100  mg.  of  ball-milled 
filter  paper.  With  a few  drops  of  toln&as  an  antiseptic,  the  mixture 
was  incubated  at  28°C.  for  4 days  to  2 weeks.  The  mixture  was  then  filtered, 


124 

/ 

and  the  filtrate  assayed  for  cellulase  activity  by  determining  the 
glucose  in  the  filtrate  before  and  after  incubation,  according  to  the 
FolinHSfti  method  given  above. 

Numerous  teste  were  made  varying  the  time  of  incubation  of  the 
original  culture j relative  amounts  of  assay  solutions,  buffer  and  substrate? 
temperature  and  time  of  assay  incubation,  etc*  In  no  case  was  more  than 
0.03  mg. /ml,  of  gluoose  found  in  the  filtrate  after  incubation  and  assay. 

It  was  concluded  either  that  cellulase  was  present  in  the  filtrates  in 
very  small  amounts  and  hence  did  not  form  much  glucose  from  the  filter 
paper,  or  that  the  conditions  of  assay  were  not  correct  to  detect  the 
products  of  cellulase  activity.  Since  the  amount  of  cellulase  apparently 
could  not  be  increased,  as  shown  by  the  above  method  of  assay,  further 
work  was  directed  towards  modification  of  the  assay  procedure.  It  was 
thought  that  a more  "reactive"  cellulose  might  be  more  easily  degraded, 
and  hence  give  larger  amounts  of  glucose  for  assay.  The  use  of  a 
modified  cellulose  as  an  assay  substrate  was  found  to  give  much  better 
results  (see  below). 

Studies  with  "reactive"  cellulose  as  an  assay  substrate:  The 

"reactive"  cellulose  was  filter  paper  swelled  with  phosphoric  acid.  This 
was  prepared  as  follows;  Dried,  ball -milled  filter  paper  was  placed  in 
a beaker,  and  cold  phosphoric  acid  (S5% ) sufficient  to  wet  the  paper 
was  added*  This  waa  done  in  a salt  water-ice  bath  at  0°C,  After  30 
minutes  cold  water  was  added  to  stop  the  reaction.  The  paper  was  washed 
with  water  several  times  on  a Buchner  funnel,  then  with  dilute  sodium 
hydroxide.  After  further  washing  to  neutrality  the  preparation  was 
dried,  weighed  and  suspended  in  water  to  give  a 2$  concentration  of 
the  treated  cellulose.  This  reactive  cellulose  was  used  in  place  of 
ball-milled  filter  paper  in  the  assay  procedure.  The  assay  method  was 


also  changed  In  several  other  particulars. 

P.  palustris  cell-free  filtrates  were  prepared  as  indicated  in  the 
preceding  section,  with  incubation  for  five  days.  For  the  assay,  equal 
quantities  (3  ml.)  cf  filtrate,  lfac  Ilvaine’s  buffer  (pH  4*4)  and 
distilled  water  wore  nixed  with  1 ml.  of  the  Zf»  suspension  of  the  phosphoric 
acid- treated  cellulose.  The  mixture  was  incubated  under  toluol  at  50°C. 
for  18  hours,  then  the  glucose  determined  as  before.  Under  these  new 
conditions  of  assay  with  the  reactive  cellulose,  0.12  mg. /ml.  of  glucose 
were  present  in  the  filtrate  after  incubation,  as  compared  with  0.03  rag./ml. 
when  untreated  filter  paper  was  used  as  the  assay  substrate.  Apparently 
the  modified  cellulose  is  broken  down  to  a greater  extent  than  "natural0 
cellulose,  giving  larger  glucose  values  which  are  analytically  useful. 

The  above  figures  are  illustrative  of  the  data  finally  obtained  after 
modifications  were  developed.  Note  the  time  (18  hrs.),  temperature 
(50°C«)  and  pH  (4.4)  which  were  optimum  for  cellulase  activity  on 
phosphoric  acid  - treated  cellulose.  Filter  paper  treated  with  phosphoric 
acid  for  less  than  30  minutes  was  found  to  give  lower  glucose  values 
than  when  treated  for  30  minutes.  Mycelial  extracts  were  found  to 
contain  no  ceiiulasuj  apparently  it  is  a true  extracellular  enzyme. 

The  modified  cellulose  gave  such  good  results  that  a soluble  cellulose 
derivative  was  next  tried. 

Studies  with  a cellulose  derivative  as  an  assay  substrate.  Carboxy- 
methyl  cellulose  (CMC0),  a eoluble  substanco,  was  tried  as  an  assay 
substrate.  This  had  been  sho'.n  by  other  workers  (Reese  et  al,  1950) 
to  be  easily  hydrolyzed  by  cellulolytic  enzymes  of  other  organisms. 

The  filtrate  from  a 5-*day  old  culture  of  ?,  palustris  was  prepared 

* Sample  designated  CMC  50  T,  with  a degree  of  substitution  of 
0,52. 
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at  previously  detori bed,  and  aasayod  as  in  the  preceding  section  except 

ifeal  a a «plvUra..gI.g|Q.  to, water. w^s  iafegUMBLIa£-ttBja.  gtotrtwrtg 

ioid-treated  filter  Paper.  After  incubation  a glucose  value  of  0.61  ng./al. 
was  found,  compared  with  0*12  mg. /ml.  when  phoephorio  aoid-treatod  oelluloto 
was  used.  Thus  the  oellulase  can  attack  soluble  cellulose  more  readily 
than  insoluble  forms.  Tilth  this  assay  substrate,  glucose  values  up 
to  0.7?  mg./ml.  have  been  obtained  with  P.  pal us trie,  depending  upon 
culture  age,  etc. 

Studies  of  this  assay  technique  with  P.  palustrle  filtrates  have 
shown  that  a 0.5#  solution  of  OB  gives  the  same  results  as  2 %,  that 
a variation  in  assay  pH  between  3.4  and  5.0  is  of  little  significance, 
and  that  an  assay  temperature  of  60°C.  results  in  markedly  more  glucose 
than  50°C.  Also,  with  this  new  technique  the  assay  may  be  run  in  3 hours 
instead  of  18  if  desired;  for  example,  in  one  test  0.53  mg./ml,  of 
glucose  were  formed  at  50°C.  in  3 hours. 

Culture  filtrates  of  both  F.  paluatrls  and  L.  trabea  showed 
maximum  oellulaae  activity  when  the  cultures  were  3-4  weeks  old. 

Concentration  of  oellulase.  It  was  of  interest  to  determine  whether 
the  ensyme  could  be  conoentratod  or  removed  from  the  culture  fluid 
by  common  protein  preclpitants.  Those  tried  were  saturated  ammonium 
sulfate,  ethyl  oloohol,  aoetone, and  mixtures  of  alcohol  and  acetone. 

It  was  found  that  the  preclpitants  had  to  be  pre-cooled  to  -15°C.  and 
the  filtrate  to  0°C.,  and  the  precipitation  oarried  out  at  0°C.  Various 
quantities  of  the  preclpitants  were  mixed  with  various  volumes  of  the 
cell-free  culture  fluid  of  P.  paluatrls.  and  the  precipitates  taken  up 
in  llacllvaine's  buffer  (ph  4.4) » in  which  the  precipitates  were  nearly 
100%  soluble.  Assay  of  oellulase  activity  was  made  as  before,  using 
4 ftl.  of  buffer  - precipitate  mixture  to  1 ml.  of  2%  CMC,  and  incubating 


for  18  hour*  at  50°C. 

The  result*  with  P.  nalustrls  shewed  that  the  ensyme  could  be 
precipitated  by  any  of  the  precipitant#  used,  with  acetone,  and 
aleohol-aoetone  lsl,  being  by  far  the  best.  However,  in  the  few 
experiments  carried  out,  it  was  not  possible  co  concentrate  the  ensyne 
more  than  3-fold  by  this  procedure,  due  to  "inactivation n or  some 
other  unknown  reason.  For  example,  the  precipitate  fnxn  150  ml.  of 
acetone  plus  50  ml.  of  culture  fluid  was  taken  up  in  10  ml.  of  buffer 
and  assayed.  Glucose  was  only  0.31  mg. /ml.  as  oonpared  to  0.12  ng./ml. 
for  the  unoonoentrated  (unpreoipitated)  flit) ate. 

Incidentally,  it  has  been  found  that  both  culture  filtrates  and 
concentrated  ensyme  can  be  preserved  with  merthielate  (0.01%)  for  at 
least  3 weeks  (end  of  test)  without  loss  of  activity. 

Use  of  tho  above  protein  preolpltants  with  culture  filtrates 
of  L.  trabea  gave  a "concentrate"  whioh,  when  assayed  against  filter 
paper,  showed  only  a trace  of  activity.  When  assayed  against  carboocy- 
methyl  cellulose,  0.31  mg. /ml,  of  gluoose  were  produced,  the  same  as 

Preliminary  studies  were  made  with  L.  trabea  using  ion  exchange 
resins  for  purification  of  cellulase  in  culture  filtrates.  The  resins 
which  gave  positive  results  were  Ionac*  resino  # A-293-M  and  # C-200, 
These  were  placed  in  chromatographic  columns,  and  the  culture  filtrate 
passed  over  thorn.  When  used  singly  no  activity  of  the  filtrate  resulted, 
but  when  passed  first  over  # A-293-M**  and  then  4 C-200"**,  followed  by 

* American  Cyanamid  Co.,  NfT. 

**Ploks  up  anions  and  replaces  them  with  hydroxyl  lens, 

***Piok  up  cations  and  replaoes  them  with  hydroxyl  ions. 
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concentration  (4x)  by  vacuus  distillation , the  oellulaae  activity  of  the 
resulting  fluid  was  about  5 tines  that  of  the  original  filtrate. 

(Vacuum  distillation  alone  did  not  increase  the  activity  of  a filtrate, 
due  perhaps  to  "inactivation”  of  t,he>  acsyae  by  salts  and  acids  present, 
plus  heat.  The  object  of  the  ion  exchange  was  to  remove  these  "interferrlng" 
substances.  The  distillation  was  carried  out  in  glass,  evacuated  by 
a water  pump  attached  to  the  receiver.  The  reooiver  w za  placed  in  an 
ice  bath,  and  the  distilling  flask  maintained  at  45°C.)  For  example, 
one  original  cell -free  filtrate  gave  0.11  «g./ml.  of  gluooee  against 
filter  paper;  after  passage  through  both  resins  the  value  was  0.12  mg. /ml, 
and  after  concentration  of  the  latter  to  1/4  its  volume  the  value  was 

O. 51  mg. /ml,  of  glucose. 

It  ia  to  be  noted  that  the  cellulase  of  L.  trabea.  when  assayed 
against  filter  paper,  gives  much  higher  values  than  the  cellulase  of 

P.  palustrls  against  filter  paper. 

The  above  data  show  that  wood-rotting  fungi  produce  extracellular 
cellulolytic  ensyme(s).  Whether  there  ia  one  ensyme  or  a mixture  is  not 
dear.  The  small  amount  of  ensyme  action  on  filter-panep  cellulose  may 
bo  interpreted  either  aa  there  being  only  a small  amount  of  "true”  cellulase 
present,  or  as  the  long  chain-length  of  "pure"  cellulose  being  difficult 
to  break.  Another  possibility  ia  the  absorption  of  a relatively  small 
amount  of  enzyme  on  so  much  cellulose  substrate  that  the  euzymo  - 
substrate  ratio  la  too  small  for  much  action.  The  increasingly  greater 
amounts  of  breakdown  of  phosphoric  acid-treated  filter  paper  and  of 
osrboxymcthyl  oellulose  may  be  a reflection  of  greater  amounts  of  a 
different  "cellulose"  capable  of  acting  on  modified,  simpler  celluloses, 
or  may  merely  reflect  the  greater  ease  of  hydrolysis  by  a “trie"  oellulaae 
of  short-chain  and  soluble  celluloses.  Reese  et  al  (1950)  have  restricted 
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the  tens  oellulase  to  the  onsyme  act lag  on  aative  cellulose;  ths  enryme 
acting  on  carboxymsthyi  cellulose  is  carboxymethyl  eellulase. 

Bffeet  of  medium  constituent  j on  oellulage  production,  All  of  the 
above  studies  of  oellulase  were  based  on  growth  in  a deal-synthetic 
medium  (Table  22),  with  casein  hydrolysate  as  the  source  of  nitrogen, 
and  glucose  as  the  carbon  souroe.  Using  L.  trabaa,  studies  were  made 
of  the  effect  of  the  type  of  oarbon  source  on  oellulase  production 
and,  with  a Synthetic  medium,  the  effeot  of  different  nitrogen  compounds. 
All  assays  were  against  filter  neper,  and  carried  out  as  above  under 
"Studies  using  "reactive"  cellulose  as  an  assay  substrate." 

Data  on  various  carbohydrates  substituted  for  glucose  in  the  semi- 
synthetic medium  showed  no  differences  in  oellulase  production  among 
glucode,  sucrose,  maltose,  mannitol,  cellobiose,  starch,  lactose, 
galactose,  and  carboxymethyl  cellulose. 

A mixture  of  pure  amino  acids*  in  typed  and  eoedehtratiohs  approximat- 
ing those  in  the  casein  hydrolysate,  was  substituted  for  the  latter 
in  the  corni-synthetic  medium.  The  same  amount  of  oellulase  (as  shown 
by  glucose  values)  wao  produced  in  this  chraically-defined  medium.  A 
series  of  tests  were  then  made  in  which  one  amino  acid  at  a time  was 
omitted  from  the  mixture , and  oellulase  production  determined.  The 
results  showed  no  difference  in  oellulase  production  between  the  complete 
medium  and  the  media  in  which  any  one  amino  acid  was  missing.  Next, 
two  amino  acids  at  one  time,  in  all  possible  combinations,  were  omitted 
from  the  complete  mixture.  It  was  found  that  the  elimination  of  valine, 
aspartic  acid  and  glutamic  acid  together  resulted  m a large  decrease 
in  cellulase  activity,  e.g.u  complete  amine  acid  medium,  0*54  mg. /ml,  of 
glucose;  complete  medium  minus  valine,  aspartic  acid  and  glutamic  acid, 

0,19  mg, /ml.  . 
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’Jith  the  above  information  ae  a baa  la,  valine,  aapartio  aoid  and 
glutamic  aoid  were  substituted  for  the  complete  amino  aeld  mixture, 
and  when  the  filtrate  was  assayed  a glucose  value  of  0.46  tag. /ml, 
wae  obtained.  This  oospores  favorably  with  0.54  mg. /ml.  obtained  In 
the  oompleto  amino  mold  medium.  The  optimum  concentrations  of  glutamio 
aoid,  valine  and  aspartic  acid  were,  respectively,  0,0096,  0.0032  and 
0.0032$  nitrogen.  Thus  a purely  synthetio  medium  for  oellulase 
production  by  L.  trabea  at  least,  oan  be  made  by  substituting  the 
above  amino  aoids  for  the  casein  hydrolysate  of  the  semi-synthetic 
medium  in  Table  22. 


C 
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ACTION  OF  WOOD-ROTTING  FUNGI  ON  WOOD 

Preliminary  study  of  the  action  of  various  of  our  fungi  on 
finely  - divided  wood  in  liquid  culture  shoved  that  the  wood  apparently 
was  digested.  The  organisms  were  grown  in  culture  with  forced  aeration, 
using  casein  hydrolysate  plus  vitamins.  The  wood  was  pine,  added  in 
the  form  of  wood  Deal  (fine  sawdust  of  30  mesh).  *vith  certain  of  the 
fungi  the  woodmeal  disappeared  within  a week.  Stained  sections  of  the 
pellots  of  growth  showed  particles  of  the  wood  entangled  in  the  mycelium 
inside  of  the  pollet.  Apparently  as  the  pellets  grew  they  occluded  wood 
particles  in  a more  or  less  rogular  fashion.  It  was  not  certain  from 
these  experiments  whether  the  disappearance  of  the  woodmeal  woo  due 
entirely  to  physical  entrapment  by  the  mycelium  or  whether  some  particles 
were  actually  digested  in  the  medium  by  the  fungal  ensymes. 

The  dye  - absorption  method  (#  A,  6,  above,  in  seotlon  on  Studios 
on  Cellulolytic  Ensymes)  was  developed  for  the  purpose  of  determining 
the  degree  of  breakdown,  if  any,  of  finoly  - divided  wood.  Using  this 
method  the  following  organisms  were  tested  for  their  action  on  80-aesh 
pine  wood  meal  added  to  shake  culturosi  brown  rots  - - P.  inorassata. 
lx  °l°rPPP9ra»  U lePldeua.  L.  t rate  si  white  rots  - - 

P.  tullPiferufr.  P,  oqcopc.  F.  annosus.  L.  tlgrlnus.  The  culture  medium 
consisted  of  the  based  medium  (Table  1)  plus  gluoose  0.0151}  thiamine, 

2 mg.  por  liter}  sodium  glutamate  to  0.012JI  total  nitrogen;  pino  wood 
meed,  0.01J8  (air  dry  basis).  Incubation  was  for  12  days  at  28°C., 
with  triplioato  flasks.  After  incubation,  the  mixture  of  mycelial 
pellets  and  wood  coal  was  removed  on  a Gooch  crucible,  and  the  staining 


method  described  above  was  carriod  out. 

Assuming  that  the  staining  mothod  determines  cellulose,  the  following 
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oentagos  of  removal  of  cellulose  from  the  wood  were  obtained! 


P.  inorsssata 

m 

31$ 

40$ 

lu-igaiflgtt 

35$ 

lu^eatea 

42$ 

£tJ>aUEl£sag. 

38$ 

P.  anoeps 

22$ 

gs,aBB2eaa 

16$ 

lu  JtojLflUf 

31$ 

Dn inoculated  controls  run  under  the  some  conditions  showed  an  average 
of  4.3$  of  the  celluloao  (?)  removed  from  tho  wood.  Obviously  the  differ- 
ent organisms  vary  in  their  ability  to  remove  ^cellulose"  from  the 
oellulose-lignin  complex.  The  white  rots,  which  are  known  to  attaok 
both  cellulose  and  lignin,  removed  about  the  same  amount  of " cellulose “ 
from  the  wood  as  did  too  brown  rots  whioh  attaok  only  cellulose.  These 
studies  were  not  oarried  further, 

k few  studios  were  made  an  the  degradation  of  bark  by  P.  paluetrla 
in  aerated  liquid  culture.  It  was  demonstrated  that  tho  cellulose 
(oiroa  20$)  of  spruoe  bark  is  attaoked  by  weod-rotting  fungi,  in  an 
effort  to  moot  thoir  nutritional  needs,  with  a production  of  certain 
desirable  end-products,  including  roducing  substances  (expressed  as 
glucose).  The  production  of  alcohol  by  tho  yeast,  Sacoharomycco 
oerevlslae.  from  bark  treatod  by  tho  brown  rot,  Polyporus  paluatrls. 
was  also  established.  Spruoe  bark  cellulose  degradation  was  also 
effected  by  tho  use  of  a cell-freo  filtrate  of  a Polyporus  palustrls 
liquid  culture.  The  production  of  reduoing  substances  (expressed  as 
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gluoose)  in  this  case  squalled  that-  cf  bark  attaoked  directly  by  the 
organ! an.  Subsequent  alcohol  production  by  yeast  from  bark  treated 
with  oell-freo  filtrates  of  Polvporus  pal ui trie  was  also  induced. 

Also,  using  a sterilised  mixture  of  bark  in  water,  inoculated  with 
P.  paluatrls . there  was  a definite  decrease  in  reducing  substances 
noted  in  the  liquid  immediately  following  growth  of  the  organism. 

An  Increase  in  reducing  substances  took  plaoe  after  incubation  at 
45°c.,  the  optimum  temperature  for  ensymatio  activity  (lethal 
temperature  for  the  organism).  Therefore  it  may  be  inferred  that 
the  best  yield  of  reducing  substanoos  will  be  obtained  by  tbe  proper 
use  of  a call-free  filtrate,  as  there  is  not  utilisation  of  material 
by  any  organism. 

In  addition  to  bark,  we  have  also  found  that  reducing  sugars  can 
be  formed  from  corn  cobs  as  the  cellulose  substrate.  It  was  not 
possible  to  continue  this  work,  but  it  offers  important  practical 
possibilities  for  the  utilisation  of  waste  cellulose. 

ACTIVE  HTCELIAL  EXTRACTS  PROM  THE  WOOD  ROTS 

Cell-free,  ensymatioally-aotive  mycelial  extracts  would  be  useful 
for  numerous  ensyae  studies.  Preliminary  attempts  to  obtain  suoh 
extracts  were  inconclusive  when  mycelial  pellets  were  blended  in  a 
mortar  with  sand  and  buffer  at  room  temperature,  and  the  filtrato 
tested  in  the  larburg  manometer  with  oodium  pyruvate.  Absence  of 
oxygon  uptake  indicated  either  no  oarboxylase  enzyme  in  the  mycelium, 
or  inactivation  of  this  onsyme  by  the  method  of  preparation.  Further 
studies,  using  P.  palustria.  have  yielded  a cell-free  extract  which 
sheared  carboxylaso  activity.  Presumably  the  same  technique  could  be 
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used  for  obtaining  other  endo-ensymes. 

Hjroelial  pellets  were  obtained  by  growing  the  organism  under  forced 
aeration  in  two-quart  bottles  containing  2%  malt  extract.  Incubation 
was  at  28°C.  for  four  days.  The  pellets  wore  then  separated  from  the 
medium  by  pressing  through  cheesecloth,  and  the  mycelium  lyophllized 
and  pulverised.  0.5  grams  of  the  pulverised  mycelium  were  transferred 
to  a 50- ml.  centrifuge  tube,  10  ml.  of  phosphate  buffer  (pfl  5*0)  added, 
and  the  tube  shaken  for  one  minute.  Tho  suspension  was  then  dentrlfuged 
for  three  minutes  at  2000  rpo,  and  the  supernatant  decanted  for  aotivlty 
studies.  The  carboxylase  activity  of  the  extract  was  determined  by 
measuring  tho  rate  of  CC2  evolution  from  sodium  pyruvate  with  standard 
Warburg  manometer  procedures,  at  28°G. 

Preliminary  studios  of  the  influence  of  pH  on  carboxylase  activity 
showed  pH5  to  be  better  than  pH6.  At  tho  former  pH,  154.3  microliters 
of  CO2  per  hour  were  evolved;  at  tho  latter  pH,  130.8, 

To  determine  whether  the  oell-free  extract  contained  oooarbcxylase 
as  well  as  carboxylase , runs  were  mado  with  sodium  pyruvate  in  a con- 
centration of  5 mg. /ml.  of  extract,  with  the  "standard"  extract, 
standard  extract  plus  2 micrograms  cocarboxylase  (pure  ensyme)  per 
ml.,  and  standard  extract  plus  5 micrograms  cocarboxyxasc  per  ml. 
IIlcrolltor8  of  CO2  per  hour  were,  respectively,  130.8,  128.b  and  129.8, 
showing  that  oooarboxylase  was  present  in  the  extracted  mycelium,  and 
further  addition  of  it  to  the  extract  hod  no  appreciable  effect. 

The  effect  of  the  enzyme-substrate  concentration  on  OO2  evolution 
was  studiod  at  two  concentrations  of  substrate  and  four  concentrations 
of  enzyme,  at  pH5.0,  with  no  added  oooarboxylase.  Table  23  shows  the 
cumulative  results  at  10-minute  intervals,  of  COj  evolution  expressed 
as  mlcroliters  per  hour.  The  results  show  that,  the  breakdown  of  sodium 

pyruvate  by  carboxylase  is  influenced  by  the  concentration  of  enzyme  and 
substrate. 


N6-onr-248,  T.  0.,  II, 
HR  132-159 
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T4BIZ  2 

Carboxylase  activity  of  cell-free  extract  of  P.  pallia  trie.  Effect  of  ensyme- 
■ubetrate  ooncentratloo  with  sodium  pyruvate,  at  pS5.0,  28°C  . Activity 
expressed  as  aieroliters  CO2  per  hour,  at  10-alnute  intervals.  S»  "standard" 
extract  concentration. 


Substrate : sodium  pyruvate 

C -meant rati cot  1 mg./nl.  of  extraot 

pi.  COj/hour 


Tine  in 

- - - 

-Concentration  of  ensyme  extract-  - - 

minutes 

3 

0.5  8 

0.25  s 

0.125  S 

10 

28.1 

21.3 

7.95 

8.58 

20 

56.2 

37.4 

17.5 

15.5 

30 

67.0 

42.7 

20.7 

15.5 

40 

82.6 

55.2 

27.0 

18.9 

50 

98.2 

67.6 

35.0 

27.4 

& 

70 

no.  6 

UM 

74.7 

8376 

I'Ll 

44.5 

30.9 

3276 

80 

123.1 

88.9 

46.1 

34.3 

90 

127.8 

94.3 

50.9 

37.8 

100 

132.4 

97.8 

52.5 

37.8 

no 

133.9 

103.2 

57.2 

41.2 

120 

137.1 

108.5 

62.0 

46.4 

Substrates  sodium  pyruvate 

Concentrations  5 me. /ml. 

of  extract 

jil.  C02/hour 

Time  in 

... 

- Concentration  of  ensyme 

extraot-  - - - 

minutes 

s 

0.5  S 

0.25  S 

0.125  S 

10 

34.6 

18.6 

9.34 

8.91 

20 

69.2 

40.6 

20,2 

13.4 

30 

85.1 

48.1 

23.3 

16.3 

40 

109.6 

64.5 

31.  lw 

. 22.3 

50 

126.8 

80.6 

40.4 

29.7 

& 

m 4 

4^1 

24-2 

70 

16876 

100.7 

49.8 

35.6 

0<"1 

ww 

iay  c 

• ✓ 

111.6 

54.5 

38.6 

90 

198.9 

120.8 

59.1 

43.1 

100 

130.2 

62.2 

44.6 

no 

142.6 

70.0 

49.0 

120 

151.9 

76.2 

53.5 
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The  nutrition  and  certain  aspect*  of  the  physiology  of  forty-three 
brown  rot*  and  whit*  rot*  haw*  been  etudied  in  shake  culture  at  28°C« 

The  following  general  conclusion*  nay  be  drawn  fron  these  investigations* 

1.  These  fungi  generally  will  grow  in  a variety  of  non-eynthetle 
media  euoh  as  salt  extract,  corn  steep  liquor*  ethyl  stillage,  toy  bean 
extract,  gluten,  peptone  and  casein  hydrolysate. 

2*  Most  of  the  wood  rots  will  grow  in  continued  subculture  in  a 
basal  synthetic  medium  of  glucose,  inorganic  salts,  thiamin  and  organic 
or  inorganic  nitrogen.  A few  have  special  nutritional  requirement#* 

3.  Utilisable  nitrogen  compounds  included  any  single  amino  acid 
(L-form  only),  ammonium  sulfate,  ammonium  carbonate,  urea,  and  ammonium 
nitrate.  Ho  growth  warn  obtained  in  potassium  nitrate  or  potassium  nitrite. 
Growth  took  place  in  ammonium  chloride  only  in  the  presence  of  traces  of 
succinic  acid. 

4.  Mobt  of  the  species  studied  require  only  thiamin  as  an  added 
vitamin  in  the  culture  medium.  Some  species  baqire  the  whole  thiamin  n 
molecule;  others  ban  utilise  one  or  the  other  dofeponent  of  the  molecule 
separately,  or  both  together.  Two  organisms  required  no  vitamins;  two 
others  had  vitamin  requirements  in  addition  to  thiamin. 

5.  For  most  of  the  species  etudied,  biotin  could  be  substituted  for 
thiamin*  There  was  little  or  no  synthesis  of  thiamin  by  cultures  growing 
with  biotin. 

6.  Other  vitamins  and  purine  or  pyrimidine  bases  often  stimulated 
growth,  but  are  not  essential. 

7*  The  optimum  pH  for  "tost  of  the  organisms  studied  was  about  5.0-  5.5. 
Some  species  have  an  optimum  somewhat  lower  than  this. 
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8.  A temperature  of  28°C.  is  satisfactory  for  the  great  majority  of  the 
wood  rots,  although  a few  species  hare  an  optima  soaewhat  lover. 

9.  Most  of  our  organisms  produced  an  acid  reaction  in  various  types 

of  culture  media.  pH  values  as  low  as  2 - 3 were  not  uncommon*  Oxalic  acid 
was  Identified  as  one  acid  produced. 

10.  Maximum  growth  of  the  organisms  in  shake  culture  was  attained  in 
an  average  of  14  days. 

11.  in  Eh  of  / 400  to  / 500  ».▼.  was  satisfactory  for  the  growth  of  all 
hut  one  of  the  fungi  studied.  This  organise  required  a more  reduced  Eh 

of  about  / 300  s.v. 

12.  Amino  acids  could  not  be  utilised  as  the  sole  source  of  carbon  by 
any  of  the  organisms. 

13.  Synthetic  media  ^ore  nearly  optimal  for  growth  than  the  basal  medium 
were  developed  by  lncroaaing  the  concentrations  of  plucoee,  nitrogen  and 
potassium  phosphate.  Increases  in  growth  up  to  37-fold  were  obtained  with 
some  organisms  in  the  new  media. 

14.  4 variety  of  carbon  compounds  oould  be  utilised  in  plaoe  of  glucose. 
These  include  fructose,  galactose,  glycerol,  lectio  acid,  lactose,  maltose, 
pyruvic  aoid,  succinic  acid,  sucrose,  mannose,  dextrin,  xylose,  glycogen, 
apabinoee,  riboee,  rhasnoao,  callobiose  and  starch.  Net  : stiiised  were 
acetic  acid,  citric  acid,  maleic  crid  and  tartaric  acid. 

15.  M&as  culture  of  wood- rotting  fungi  in  eerated  liquid  culture 
was  found  feasible. 

16.  In  addition  to  acids,  other  products  of  fermentation  and/or 
synthesis  ore  pigments,  polysaccharides  and  sterols. 

i 

17.  The  wood-rotting  fungi  produce  in  various  media  an  extracellular 
cellulolytic  enzyme.  This  enzyme  can  be  separated  from  the  culture  medium 
by  precipitation  or  by  ion  exchange  resins  and  concentration  in  vacuo. 


V\ 
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18.  A cellulate  essay  tube  (drop-weight  method)  was  developed  and  found 
useful  for  screening  fungi  for  cellulolytic  activity. 

1°.  A purely  synthetic  medium,  containing  three  apparently  essential 
amino  acids,  was  developed  in  which  cellulase  production  was  as  good  as  in 
a casein  hydro lysata  medium. 

20.  Active  mycelial  extracts,  as  determined  by  carboxylase  activity, 
were  obtained  by  lyophilising  and  pulverising  the  mycelium. 
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